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RELATIONSHIPS AMONG M-POWER, TEACHING METHODOLOGY,
COGNITIVE DEVELOPMENT, AND CONTENT ACHIEVEMENT
CHAPTER I  
INTRODUCTION
In  re c e n t y ears  th e  low perform ances o f  h igh  school g raduates 
on co lleg e  en tran ce  exams has provided  th e  stim u lus fo r  a renewed 
exam ination of th e  e f f ic a c y  o f  v a rio u s  c u r r ic u la r  a c t i v i t i e s .  In so fa r  
as programs in  sc ien ce  a re  concerned, th e  need fo r  p ro v id in g  hands-on 
lab o ra to ry  a c t i v i t i e s  fo r  each s tu d en t has been p a r t ic u la r ly  debated.
On one extrem e, Ausubel has in fe r re d  th a t  la b o ra to ry  experiences 
take so much tim e th a t  they  should be used only  o c ca s io n a lly  in  o rd e r to  
poirtray th e  "method and s p i r i t  o f  s c ie n c e ." ^  In  h is  op in ion , the  h ig h er 
p r io r i ty  should be th e  "system atic  tran sm iss io n  o f an o rgan ized  body o f 
knowledge."2 Ausubel has even gone so f a r  as to  say th a t  th e  raw d a ta  
generated  in  an experim ent a re  confusing to  th e  s tu d e n ts . Educators 
committed to  t h i s  t r a d i t io n a l  outlook  g e n e ra lly  agree w ith  th e  p o in t o f  
view th a t  d id a c t ic  v e rb a l tran sm iss io n  o f  th e  o rgan ized  d a ta  i s  o rd in a r i ly
David P. Ausubel, "Some P sycho log ical C onsidera tions in  the  
O bjectives and Design o f an Elem entary-School Science Program," Science 
Education, Vol. 47, Issu e  3, (A pril, 1963), pp. 278-284.
^ Ib id .
th e  most p re fe r re d  teach in g  method.
Proponents o f  the P ia g e tia n  th eo ry  b a se , on th e  o th e r  hand, 
i n s i s t  t h a t  tim e sp en t w ith  concre te  m a te r ia ls  i s  v a lu ab le  fo r  a t  l e a s t  
two im portan t reaso n s. F i r s t ,  i t  h e lp s  s tu d en ts  develop understandings 
o f  concepts as they  o rgan ize  raw d a ta  them selves. Second, th ese  concrete  
experiences a re  h e lp in g  th e  s tu d e n ts  to  develop c e r ta in  types o f  thought 
p ro ce sse s , such as th e  a b i l i t y  to  use p ro p o rtio n a l reason ing  and to  sepa­
r a te  and c o n tro l v a r ia b le s .
Recent re sea rch  by Case^ in d ic a te s  t h a t  th e  s iz e  o f a  s u b je c t’s 
working memory, o r  M-power, i s  a lso  involved  in  developing both co g n itiv e  
p ro cesses and s p e c if ic  concep ts.
The purpose o f  th i s  in v e s t ig a t io n  has been to  g a th e r d a ta  w ith  
which to  e j^ lo re  th e  re la t io n s h ip s  among M-power, co g n itiv e  development, 
c o n ten t achievem ent, and in s t r u c t io n a l  m ethodologies. Ihe in v e s tig a tio n  
co n sid e rs  two s p e c if ic  m ethodologies -  co n cre te  and form al. A co ncrete  
teach in g  methodology prov ides a  wide background o f  co n c re te , hands-on 
experiences fo r  each s tu d e n t and th en  encourages each s tu d e n t to  take an 
a c tiv e  ro le  in  in te rp r e t in g  th e  meanings o f those  ex p erien ces. In  c o n tra s t ,  
form al teach in g  methodology uses t r a d i t io n a l  d id a c tic  ex p o s itio n  o f  an 
ex h au stiv e  body o f concepts and in fo rm atio n . The o ccasio n a l lab o ra to ry  
dem onstration used w ith  t h i s  in s t r u c t io n a l  method i s  ty p ic a l ly  done by the  
te a c h e r  and p rov ides v e r i f ic a t io n  o f  a concept e :ç )lanation  which e i th e r  the
^Robbie Case, "P iag e t and Beyond: Toward a Developmentally Based
Theory and Technology o f I n s t r u c t io n ," Advances in  In s tru c t io n a l  Psychology, 
V ol. 1, Robert G laser, ed. (H ills d a le , New Je rse y ; Lawrence Erlbaum A sso c ., 
1978), pp. 195-201.
te a ch e r  o r  th e  t e x t  had p rev io u s ly  p rov ided . Both teach in g  methodologies 
are  considered  in  g re a te r  d e ta i l  in  Chapter I I I .
The Statem ent o f  th e  Problem 
What a re  th e  re la t io n s h ip s  which e x i s t  among M-power, teach in g  
m ethodologies, th e  r a te  o f  t r a n s i t io n  from concre te  to  form al o p e ra tio n a l 
though t, and achievem ent in  s p e c if ie d  concre te  euid form al sc ien ce  concepts?
The D e fin itio n s  o f  Terms
For th e  convenience o f th e  re a d e r , a compendium o f  terms and 
t h e i r  s p e c if ic  meanings fo r  th i s  in v e s t ig a t io n  has been provided .
A ction . An a c tio n  i s  a system  o f coo rd inated  movements fu n c tio n ­
ing fo r  a r e s u l t  o r  an in te n t io n .^
Scheme. A scheme, according to  P ia g e t ,  i s  whatever i s  re p e a ta b le  
and /o r g e n e ra liz a b le .^  According to  P h i l ip s ,  a  scheme i s  th a t  p ro p erty  
o f an a c tio n  which can be g en era lized  to  o th e r  contents.®
F ig u ra tiv e  schemes. F ig u ra tiv e  schemes a re  schemes th a t  re p re se n t 
f a c ts ,  s t a t e s ,  o r  m eanings.^
O perative schemes. O perative schemes a re  schemes th a t  o p era te  on 
one s e t  o f  f ig u ra t iv e  schemes and th a t  g enera te  as p roducts a  new f ig u ra -
^Jean P ia g e t ,  The Child and R e a l i t y , (New York: Grossman P u b .,
1972), p . 63.
®_______ , "G enetic Epistem ology," Columbia Forum, F a l l ,  1969, p . 5.
®John L. P h i l l ip s ,  J r . , The O rig in  o f  I n te l l e c t :  P ia g e t ' s Theory, 
Second E d itio n , (San F ran c isco : W.H. Freeman & Co., 1975), p . 11.
^Case, op. c i t . , p . 186.
Q
t iv e  scheme o r  s e t  o f  schemes.
Executive schemes. Executive schemes are  schemes th a t  serve a 
c o n tro l fu n ctio n  -  th a t  i s ,  schemes th a t  re p re se n t th e  s e r ie s  o f o p era tions 
a su b je c t in ten d s to  execute in  o rd e r to  g e t from one f ig u ra t iv e  s ta te  to
9
an o ther.
M-power. M-power i s  th e  maximum number o f independent schemes
th a t  can be a tten d ed  to  a t  any moment in  the absence o f  d i r e c t  support
from the p e rcep tu a l f ie ld .
Although th i s  c o n s tru c t i s  very s im ila r  to  sh o rt- te rm  memory 
(STM), se v e ra l im portan t d iffe ren ce s  should be noted . From a 
th e o re t ic a l  p o in t  o f  view, STM i s  defined  in  terms o f  e x te rn a l 
responses, n o t in te rn a l  schemes; th u s , schemes tr ig g e re d  by 
sensory ( e .g . ,  aco u s tic )  e f f e c ts  would be counted in  STM 
es tim a te s , whereas they  would n o t be counted in  e s tim ates  o f 
M-power. From an em p irica l p o in t o f  view, t e s t s  o f STM would 
req u ire  only th a t  su b je c ts  perceive  and reproduce a number o f 
u n its .  T ests o f  M-power would a lso  req u ire  th a t  the u n its  be 
transform ed in  some fash io n . The d is t in c t io n  i s  thus akin  to  
the  one between sh o rt- te rm  memory and o p e ra tin g  memory.
S tru c tu re s . S tru c tu re s  a re  those "mental d a ta  p ro cess in g  p ro -
cedures" which transfo rm  sensory inform ation  from th e  environment in  a
way which allow s i t  to  be m entally  a s s im ila ted .
Mental o p e ra tio n s . Mental opera tions are  means fo r  m entally  tra n s-
^Ib id .
*Ib id . 
l ° I b id , p . 195.
^ ^ . I .  Posner, "Short Term Memory Systems in  Human Inform ation 
P ro cess in g ,"  A tten tio n  and Performance I . , A.F. Sanders, ed. (Amsterdam; 
North Holland, 1970).
John W. Renner and Donald G. S ta ffo rd , Teaching Science in  the 
Elementary School, Third E d itio n , (New York: Harper & Row, 1979), p . 50.
forming d a ta  about th e  r e a l  world so they  can be organized  and used
13s e le c t iv e ly  in  th e  so lu tio n  o f problems.
Knowledge i s  n o t a  copy o f r e a l i t y . . . .T o  know an o b je c t i s  to  
a c t  upon i t .  To know i s  to  m odify, to  transfo rm  th e  o b je c t ,  
and to  understand  th e  way th e  o b je c t i s  co n s tru c ted . An opera­
t io n  i s  thus th e  essence o f knowledge; i t  i s  an in te r io r iz e d
a c t io n .14
C ognitive development. C ognitive development i s  th e  development 
o f  the  a b i l i t y  to  th in k . This development proceeds by continued (q u an tita ­
t iv e  and q u a l i ta t iv e )  m od ifica tion  o f  th e  co g n itiv e  s t r u c tu r e s .1^
Concrete o p e ra tio n s . Concrete o p era tio n s  i s  P ia g e tia n  term inology 
fo r  th e  q u a l i ta t iv e  s tag e  o f thought c h a ra c te r iz e d  by th e  emergence o f 
m ental ac tio n s  which can re tu rn  to  t h e i r  s ta r t in g  p o in ts ,  can be in te g ra te d  
w ith  o th e r  r e v e rs ib le  a c tio n s , and a re  dependent on p h y s ica l o b je c ts .
Formal o p e ra tio n s . Formal o p era tio n s  i s  the q u a l i ta t iv e  s tag e  o f 
thought c h a ra c te r iz e d  by the  emergence o f  p ro p o s itio n a l lo g ic  o r h y p o th e ti­
c a l reason ing .
The a d o le s c e n t. , .ta k e s  the  r e s u l t s  o f  concrete  o p e ra tio n s , cas ts , 
them in  th e  form o f p ro p o s itio n s , and then  proceeds to  opera te  
fu r th e r  tgon them, i . e . ,  make various k inds o f lo g ic a l  connections 
between them. Formal o p e ra tio n s , th en , are  r e a l ly  o p era tio n s  
perform ed upon th e  r e s u l t s  o f  p r io r  (concrete) o p e ra tio n s .1?
Barbel In h e ld e r and Jean P ia g e t, The Growth o f  Logical Thinking 
from Childhood to  Adolescence, (New York: B asic Books, I n c . ,  1958), Trans­
l a t o r 's  In tro d u c tio n , p . x i i i .
^^Jean P ia g e t, "Development and L earn ing ,"  The Journal o f Research 
in  Science Teaching, Vol 2 , Issue  3, 1964, pp. 176-186.
^^John W. Renner and Donald G. S ta ffo rd , Teaching Science in  the 
Secondary School, (New York: Harper S Row, 1972), p . 78.
In h e ld e r and P ia g e t, lo c . c i t .
17J.H . F la v e l l ,  The Developmental Psychology o f  Jean P ia g e t ,
(New York; Van N ostrand Reinhold, 1963), p . 205.
Concrete in s t ru c t io n .  Concrete in s t r u c t io n  i s  d efin ed  as a 
c o n s is te n t teach in g  methodology growing o u t o f  th e  p h ilo so p h ica l 
commitment th a t  th e  prim ary purpose o f  p u b lic  education  i s  th e  maximum 
development o f each in d iv id u a l 's  a b i l i t y  to  th in k . F u rth e r , th a t  
methodology must be c o n s is te n t w ith  th e  fo llow ing  re sea rch  f in d in g s ;
1. A g re a t  m a jo rity  o f p u b lic  school c h ild re n  begin  to  e n te r
th e  co ncrete  o p era tio n s  s tag e  o f  thought s h o r tly  a f t e r  e n te r in g  the  K-12 
18,19sequence.
2. Concrete o p e ra tio n a l s tu d en ts  can f u l ly  understand  only those 
concepts whose meaning can be developed from f i r s t  hand experience w ith  
o b je c ts  o r  even ts . They cannot f u l ly  understand  h y p o th e tic a l ,  " a b s tra c t"  
concep ts . ^
3. A dolescents do n o t com pletely e n te r  th e  form al o p e ra tio n a l
s tag e  o f thought u n less  they a re  allowed to  p e rso n a lly  in te r p r e t  some
21 22 23minimum q u a n tity  and q u a li ty  o f  concre te  ex p erien ce . '  '
Jean P ia g e t, The Psychology o f  I n te l l ig e n c e , (P a te rson , New 
Je rse y : L i t t l e f i e l d ,  Adams, 1963), p . 147.
^^John W. Renner, e t .  a l . , Research, Teaching, and Learning w ith  
the  P iag e t Model, (Norman, O kla.: U n iv e rsity  o f  Oklahoma P re ss , 1976), p . 46.
20Anton E. Lawson and John W. Renner, "R e la tio n sh ip s  o f Science 
S ubject M atter and Developmental Levels o f  L earn e rs ,"  Jo u rn a l o f  Research 
in  Science Teaching, Vol. 12, No. 4 , 1975, pp. 351-353.
Z ^inhelder and P ia g e t, og_. c i t . , p . x x i i .
22 Renner, e t .  a l . , og_. c i t . , p . 89.
^^Lawrence Kohlberg and Carol G illig a n , "The A dolescent as P h ilo so ­
pher; The Discovery o f  the  S e lf  i n .a  P ostconven tional W orld," Daedalus ; 
Jou rnal o f  th e  American Academy o f A rts and S c ien ces , V ol. 100, No. 4,
(F a ll , 1971), pp. 1051-1086.
As m entioned e a r l i e r ,  th e se  c o n s id e ra tio n s , in  g e n e ra l, r e s u l t  
in  a  p a t te rn  o f  in s t r u c t io n  which could be c h a ra c te r iz e d  as f i r s t  hand 
e x p lo ra tio n , w ith  s tu d e n ts  n o t only  being  allow ed to  in te r a c t  w ith  th e  
m a te r ia ls  cind problems re p re s e n ta tiv e  o f  a  co n ten t a re a , b u t a lso  being  
le d  to  in d u c tiv e ly  in te r p r e t  and e:gand th e  meanings o f  t h e i r  own exper­
ien ces  .
A more s p e c if ic  d iscu ss io n  o f  th e  day-to -day  im plem entation o f 
concrete  in s tru c t io n  in  th e  a re a  o f  b io logy  follow s in  th e  experim ental 
design s e c tio n .
Formal in s t r u c t io n . Formal in s t ru c t io n  may be defined  as a 
teach ing  methodology c o n s is te n tly  based on a p h ilo so p h ic a l commitment 
th a t  th e  prim ary purpose o f p u b lic  education  i s  th e  tran sm iss io n  o f  an 
exhaustive body o f  in fo rm atio n , thereby  g iv in g  th e  s tu d en ts  the persp ec­
t iv e  they  need to  understand  and accep t th e  value o f  t h e i r  c u ltu re  as 
w ell as t h e i r  ro le s  in  i t .  F u r th e r , the  genera l methodology used to  
tra n sm it in fo rm ation  i s  based upon th e  most e f f i c i e n t  means a v a ila b le .
The assum ption i s  made w ith  form al in s tru c t io n  th a t  th e  s tu d e n t 
i s  capable o f  p o s tu la to ry -d e d u c tiv e  reason ing , no m atte r  what th e  s tu d e n t 's  
m a tu ra tio n a l le v e l .  The o v e ra l l  approach to  in fo rm ation  tran sm iss io n  
methods i s  predom inantly  p o s tu la to ry -d e d u c tiv e  ex p o s itio n  s in ce  "hands-on," 
in d u c tiv e  methods a re ,  according to  t h i s  teach in g  p rocedure , more time 
consuming.
A more s p e c i f ic  d iscu ss io n  o f  th e  day-to-day im plem entation of 
form al in s tru c t io n  in  th e  a rea  o f  b io logy  follow s in  th e  experim ental 
design s e c tio n .
A bbrev iations
S everal o f  th e  instrum en ts  used to  g a th e r  d a ta  necessary  in  th is  
research  in v e s t ig a t io n  have somewhat leng thy  t i t l e s .  For convenient 
re fe re n c e , a  l i s t  o f  commonly used ab b rev ia tio n s  fo r  those  instrum ents 
has been p rov ided  below. These instrum ents a re  d esc rib ed  more com pletely 
in  Chapter I I I .
24CAP i s  th e  a b b re v ia tio n  used fo r  th e  C ognitive A nalysis P r o je c t 's  
index o f co g n itiv e  developm ent.
GEFT i s  th e  a b b re v ia tio n  used fo r  the  Group Embedded F igures T e s t.
FIT i s  th e  a b b re v ia tio n  used fo r  th e  F ig u ra i In te rs e c t io n  T e s t.
BPS i s  th e  a b b re v ia tio n  used fo r  th e  Backward D ig it Span T e s t.
The Subproblems
1. The f i r s t  subproblem. The f i r s t  subproblem was to  determ ine 
whether a c o r re la t io n  e x is ts  between M-power and success on P ia g e tian  ta sk  
sco res , as measured by th e  CAP w r itte n  index o f  co g n itiv e  development.
2. The second subproblem. The second subproblem was to  d e te r ­
mine w hether c o r re la t io n s  e x i s t  between M-power and success on exam ination 
qu estio n s in vo lv ing  concre te  b io logy  co n ten t and form al b io logy  co n ten t.
3. The th i r d  subproblem. The th i r d  subproblem was to  determ ine 
whether 14-15 yeeir o ld  s tu d en ts  tau g h t Biology I  co n c re te ly  have a p a tte rn  
o f  growth in  M-power d i f f e r e n t  from th a t  o f  su b je c ts  tau g h t b io logy  form ally .
24John W. Renner, "The R ela tio n sh ip s  Between I n te l l e c tu a l  
Development and W ritten  Responses to  Science Q uestions,"  Jo u rn a l o f 
Research in  Science Teaching, 1979, Vol. 16, No. 4.
4. The fo u rth  subproblem. The fo u rth  subproblem was to  determ ine 
w hether 14-16 year o ld  s tu d en ts  who a re  tau g h t Biology I  co n cre te ly  have a 
p a t te rn  o f  co g n itiv e  development d i f f e r e n t  from th a t  o f  su b je c ts  tau g h t 
b io logy  form ally .
5. The f i f t h  subproblem. The f i f t h  subproblem was to  determ ine 
w hether 14-16 year o ld  s tu d en ts  ta u g h t Biology I  co n cre te ly  have a p a t te rn  
o f achievement on s p e c if ie d  concrete  and form al b io logy concepts d i f f e r e n t  
from th a t  o f  su b je c ts  tau g h t b io logy  fo rm ally .
The Hypotheses
1. H^; High school B iology I  s tu d e n ts ' scores on th e  CAP's 
in d ic a to r  o f co g n itiv e  development c o r re la te  p o s it iv e ly  
w ith  t h e i r  re sp e c tiv e  sco res on two t e s t s  o f  M-power, th e  
FIT and the  BDS.
H^; No c o r re la t io n  e x is ts  between high school Biology I  
s tu d e n ts ' sco res on th e  CAP'S in d ic a to r  o f co g n itiv e  
development and e i th e r  th e  FIT o r  BDS t e s t  o f  M-power.
2. H^; High school Biology I  s tu d e n ts ' scores on teacher-m ade 
t e s t s  o f  sp e c if ie d  concrete  o r form al b io logy concepts 
c o r re la te  p o s it iv e ly  w ith  t h e i r  re sp e c tiv e  scores on two 
t e s t s  o f  M-power, th e  FIT and th e  BDS.
Hq; No c o r re la t io n  e x is ts  between high school Biology I 
s tu d e n ts ' scores on teacher-m ade t e s t s  o f  s p e c if ie d  b iology 
concepts and e i th e r  th e  FIT o r  the BDS t e s t  o f M-power.
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3. High school s tu d en ts  ta u g h t Biology I  co n c re te ly  have a
d i f f e r e n t  p a t te rn  o f  M-power development, as measured by the  
PIT and th e  BDS, than  s tu d en ts  tau g h t fo rm ally .
H^; There a re  no d iffe re n c e s  between th e  mean M-power 
development scores o f co n c re te ly  tau g h t high school Biology I  
s tu d en ts  and form ally  ta u g h t s tu d e n ts .
4 . H^: High school s tu d en ts  ta u g h t Biology I  co n cre te ly  have 
s ig n if ic a n t ly  g re a te r  co g n itiv e  development, as measured by 
th e  CAP ta s k s ,  than  s tu d en ts  tau g h t form ally .
H^: There a re  no d iffe re n c e s  between th e  meain co g n itiv e
development scores o f co n cre te ly  tau g h t high school Biology I  
s tu d en ts  and form ally  tau g h t s tu d e n ts .
5. H^; High school s tu d en ts  ta,ught Biology I  co n cre te ly  have 
s ig n if ic a n t ly  g re a te r  achievement on s p e c if ie d  concrete  and 
form al b io logy  concep ts, as measured by teacher-m ade examina­
t io n s ,  than s tu d en ts  tau g h t fo rm ally .
Hg: There a re  no d iffe re n c e s  between the  mean concre te  o r
form al concept achievement sco res o f  co n cre te ly  tau g h t high 
school Biology I  s tu d en ts  and fo rm ally  tau g h t s tu d e n ts .
The Assumptions
At th e  s t a r t  o f  th e  in v e s t ig a t io n , se v e ra l assum ptions were made. 
Data ga thered  during  th e  in v e s tig a tio n  provided  evidence in  fav o r o f 
accep ting  each assum ption.
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The f i r s t  assum âtio n . A s u b s ta n t ia l  m a jo rity  o f  th e  14-16 y ea r 
o ld  s tu d en ts  in  th e  Biology I  sample would beg in  th e  school y ea r  using 
concrete  o p e ra tio n a l thought p ro cesses .
The second assum ption. Each s tu d e n t 's  M-power and co g n itiv e  
s tag e  p laced  c e il in g s  on h is /h e r  a b i l i t y  to  c o r re c t ly  in te r p r e t  s p e c if ic  
experiences.
The D e lim ita tio n s  o f  th e  In v e s tig a tio n
G en era liza tio n s  o f  th e  r e s u l t s  o f  th i s  in v e s t ig a t io n  must be 
made in  view o f  th e  l im it in g  fa c to rs  l i s t e d  below.
The study was lim ite d  to  f i r s t  y ear b io logy  s tu d en ts  a tten d in g  
high school in  a suburban, predom inantly Caucasian community in  the s ta te  
o f  Oklahoma.
The study d id  n o t a ttem pt to  p re d ic t  the  su ccess , as measured 
by te ach e r-a ss ig n e d  g rad es, of f i r s t  year b io logy  s tu d e n ts .
The d i f f e r e n t  methods o f in s t ru c t io n  were ad m in istered  by two 
d i f f e r e n t  te a c h e rs .
The study n e i th e r  determ ined nor ev a lu a ted  th e  p ro fe s s io n a l 
p re p a ra tio n s  o r  competencies o f th e  two te a c h e rs  ad m in iste rin g  the 
re sp e c tiv e  teach in g  tre a tm e n ts .
The s t a t i s t i c a l  d a ta  used in  th e  study were derived  from 
instrum ents t h a t  could be conveniently  adm in istered  to  groups o f 
s tu d e n ts , r a th e r  than  being  adm in istered  in d iv id u a lly .
CHAPTER I I  
REVIEW OF RELATED LITERATURE
Background o f th e  In v e s tig a tio n  
Beginning in  th e  l a t e  1950's ,  Russian advances in  m is s ile  technology 
s tim u la ted  a congrehensive review  o f  a l l  a sp ec ts  o f  American ed ucation . In 
p a r t ic u la r ,  the  renovation  and updating  o f  ed u ca tio n a l goals  and c u r r ic u la  
became a n a tio n a l p r io r i t y .  Jerome Bruner was one o f  a group o f educators 
who met a t  Woods Hole, M assachusetts, to  i n i t i a t e  a  new o r ie n ta tio n  fo r  
curricu lum  development. Although th i s  o r ie n ta tio n  began w ith  sc ie n ce , i t  
slowly broadened to  in c lu d e  o th e r  d is c ip l in e s  as w e l l . In  The P rocess o f 
Education , Bruner s a id  th a t  th e  main o b je c tiv e  o f new c u r r ic u la  should be 
to  p re se n t " su b je c t m a tte r  e f f e c t iv e ly  -  th a t  i s ,  w ith  due regard  n o t only 
fo r  coverage b u t a lso  fo r  s tru c tu r e .
This a t t i tu d e  d if f e re d  from th e  p rev ious c u r r ic u la .  The new 
emphasis was to  be on th e  " s tru c tu re "  o f a  d is c ip l in e ,  w ith  s tru c tu re  
being in te rp re te d  as th e  manner in  which th e  elem ents o f a  d is c ip l in e
^Jerome S. B runer, The Process o f  E ducation, (Cambridge, 
M assachusetts: Harvard U n iv e rs ity  P ress*  1960), p . 2,
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were o rgan ized  êuid r e la te d  to  each o th e r . Bruner m ain tained  th a t  under­
stan d in g  th e  s t ru c tu r e  o f  a d is c ip l in e  would no t only f a c i l i t a t e  le a rn in g  
th e  a s so c ia te d  concepts b u t a lso  promote understand ings o f  how the  knowledge 
w ith in  th a t  d is c ip l in e  changed over a p e r io d  o f tim e. P rocesses such as 
" in q u iry ,"  "d isc o v e ry ," and "problem -solving" evolved as th e  prim ary cu r­
r ic u la r  means fo r  ach iev ing  th i s  understand ing  o f  s tru c tu re  in  th e  sc iences 
and, to  a l e s s e r  degree, some o th e r  d is c ip l in e s .  In  p a r t i c u la r ,  th e  
epistem ology o f  Jean P ia g e t began to  emerge as th e  paradigm on which in q u iry  
in s t ru c t io n  i s  based .
A decade l a t e r ,  Jerome Bruner h im se lf looked a t  th e  ed u ca tio n a l 
f lu x  o f  th e  1950's  and r e f le c te d ,  " . . .w e  r e a l iz e  t h a t  The Process o f 
Education was th e  beginning o f a  r e v o lu tio n , and one cannot y e t  know how 
f a r  i t  w i l l  go. Reform o f  curricu lum  i s  n o t enough."
At about th e  same tim e , C harles Silberm an, who had ju s t  completed 
a th re e -y e a r  study o f  edu ca tio n , reached th e  same conclusion  as Bruner.
In  h is  book. C r is is  in  th e  Classroom, Silberman found the  m a jo rity  o f 
educato rs were w ell-m eaning, i n t e l l i g e n t  p eo p le , b u t people who had no t 
thought s e r io u s ly  enough about th e  purposes o f  education  o r  what they 
were r e a l ly  accom plishing in  th e  classroom . In one o f  many passages on 
th e  same theme, he expressed  th i s  id ea .
This m indlessness—th e  f a i lu r e  o r  r e fu s a l  to  th in k  s e r io u s ly  
about ed u ca tio n a l purpose, the  re lu c tan ce  to  q u estio n  e s ta b lish e d  
p r a c t ic e —i s  n o t th e  monopoly o f th e  p u b lic  schoo l; i t  i s  d iffu se d
, "The Process o f Education—R econsidered," Dare to  C are/
Dare to  A ct: Racism and E ducation, Robert R. Deeper, ed. (Washington, D.C.:
A ssociation  fo r  Superv ision  and Curriculum  Development, 1971), p . 30.
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rem arkably evenly throughout th e  e n t i r e  ed u ca tio n a l system , 
and indeed th e  e n t i r e  s o c ie ty .
I f  m indlessness i s  th e  c e n tra l  problem, the  so lu tio n  
must l i e  in  in fu s in g  th e  v arious educating  in s t i tu t io n s  w ith 
purpose, more im portan t, w ith  thought about purpose , and about 
ways in  which tech n iq u es, co n ten t, and o rg an iza tio n  f u l f i l l  o r 
a l t e r  purpose.^
S ilberm an 's  s ta tem en t should n o t be taken to  mean th a t  American 
ed u ca tio n a l lead e rs  had f a i le d  to  id e n t i fy  th e  p roper purposes o f p u b lic  
education . In  f a c t ,  in  1961, th e  E ducational P o lic ie s  Commission had 
s ta te d  very  su c c in c tly  th a t  the  c e n tr a l  purpose o f  education  i s  "the 
development o f th e  a b i l i t y  to  t h i n k . T h a t  commission fu r th e r  provided 
an o p e ra tio n a l d e f in i t io n  o f  th in k in g  and in fe r re d  a methodology fo r  
reach ing  th i s  g o a l. In  t h e i r  own words, "The r a t io n a l  powers a r e . . . t h e  
essence o f  the a b i l i t y  to  th in k . . . .The development o f  th i s  a b i l i t y  depends 
. . .o n  methods th a t  encourage th e  t r a n s f e r  o f  le a rn in g  from one con tex t to  
ano ther and th e  re o rg an iza tio n  of th in g s  learn ed .
The " c r is i s "  to  which Silberm an r e f e r s ,  however, sp rings from the  
f a i lu r e  o f p ro fe s s io n a l educators to  t r a n s la te  those  goals in to  p ra c t ic e .  
Although th e  e ra  o f  ra p id  curriculum  change i s  la rg e ly  over a t  th i s  p o in t, 
sc ience educators must s t i l l  s e le c t iv e ly  implement th e  a v a ila b le  c u r r ic u la r  
m a te r ia ls  w ith  th e  aim o f ach ieving  th e  purposes o f education . As Bybee
^Charles Silberm an, C r is is  in  th e  Classroom, (New York: Random 
House, I n c . ,  1970), p . 11.
"^Educational P o lic ie s  Commission, The C en tra l Purpose o f  American 
E ducation , (Washington, D.C.: N ational Education A sso c ia tio n , 1961), p . 12.
^ Ib id , pp. 4-5.
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p u t i t ,  "As sc ience  te a c h e rs , we need bo th  good curriculum  m a te r ia ls  and 
good in s tru c tio n ."G
One o f th e  most w idely known components o f  Jean P ia g e t 's  th e o r ie s  
o f  in t e l l e c tu a l  development i s  t h a t  th e  c h ild  th in k s  in  q u a l i ta t iv e ly  d i f f e r ­
e n t terms than  a d u lts .  For th e  most p a r t ,  however, science educators have 
continued to  ignore th e  re sea rc h  fin d in g s  which have a d i r e c t  b earin g  on 
f a c i l i t a t i n g  co g n itiv e  development in  th e  classroom . Lawson and Renner, 
fo r  example, found th a t  s tu d en ts  using those  p a t te rn s  o f reasoning  which 
P iag e t c a l l s  concrete  o p e ra tio n a l could only understand  th i r t y  p e rcen t o f  
th e  concrete  o p e ra tio n a l concepts p resen ted  and few o r none o f th e  a b s tr a c t ,
n
form al o p e ra tio n a l concep ts. Y et, when samples o f  th e  ty p ic a l  h igh  school
sc ience  te x ts  were analyzed fo r  co n ten t le v e l ,  numerous in v e s tig a to rs  have
found th e  con ten t to  be m ostly form al o p e ra tio n a l, whereas most o f the
8 9 10 11stu d en ts  were found to  be only concre te  o p e ra tio n a l. ' '  '
®Roger W. Bybee, P e rso n a liz in g  Science Teaching, (Washington, D .C.: 
N ational Science Teachers A sso c ia tio n , 1974), p . 1.
^Anton E. Lawson and John W. Renner, "R ela tionsh ips o f  Science S ubject
M atter and Developmental Levels o f  L earn ers ,"  Jo u rn a l o f  Research in  Science
Teaching, 1975, Vol. 12, No. 4, p . 347.
Q
L e tic ia  B. B a u tis ta ,  The R e la tio n sh ip ■Between I n te l le c tu a l  Levels 
and Achievement in  th e  Comprehension o f  Concepts C la s s if ie d  According to  a 
Scheme Derived from th e  P ia g e tia n  Model, Unpublished D octoral D is se r ta tio n , 
U n iv ersity  of Oklahoma, 1974.
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N orris H. G rant, The V a lid ity  o f O bjective T esting  as ^  Process o f  
A ppraising the  Thinking A b ili ty  o f S tudents in  High School Biology and P h y sic s , 
Unpublished D octoral D is s e r ta tio n , U n iv e rs ity  o f  Oklahoma, 1974.
^^Linda M. Johnson, B iology Concepts Taught Compared to  the 
I n te l le c tu a l  Level o f  th e  Biology S tudent, Unpublished M asters T hesis, 
U n iv ersity  o f Oklahoma, 1975.
11R osalie G rant, Group and In d iv id u a l Problem Solving High School 
S tu d en ts , Unpublished D octoral D is s e r ta t io n , U n iv ersity  o f Oklahoma, 1978.
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The resea rch  fin d in g s  o f  Marek show th a t  co ncrete  o p e ra tio n a l 
b io logy  s tu d en ts  tau g h t w ith  concrete  in s t r u c t io n a l  p r a c t ic e s  made 
s ig n if ic a n t  gains in  both  co g n itiv e  development and c o n ten t achievement 
when compcired to  a co n tro l g r o u p . I n  a d d itio n  to  t h i s  s tu d y , o th e r  
in v e s tig a tio n s  w ith  o th e r  co n ten t cireas and age groups have dem onstrated 
s im ila r  f i n d i n g s . Y e t ,  many sc ien ce  teach e rs  have f a i le d  to  
ever s e r io u s ly  attem pt teach in g  concre te  o p e ra tio n a l s tu d en ts  w ith  
id e n t i f ia b le  concrete  in s t ru c t io n a l  p r a c t ic e s .
Pascual-Leone re c e n tly  th e o riz e d  th a t  a c h i ld 's  working memory 
o r  M-power can p lace  s u b s ta n t ia l  r e s t r i c t io n s  on h is  a b i l i t y  to  solve 
p r o b l e m s . T h e  resesurch fin d in g s  o f Case^® have n o t only  le n t  support
12Edmund A. Marek and John W. Renner, " In te l le c tu a l  Development,
IQ, Achievement, and Teaching Methodology," The American Biology Teacher, 
1979, Vol. 41, No. 3, pp. 145-150.
13Don G. S ta ffo rd  and John W. Renner, "SCIS Helps the  F i r s t  
G rader to  Use Logic in  Problem S o lv ing ,"  School Science and M athematics, 
February, 1971, pp. 159-164.
^^John W. Renner, e t .  a l . .  R esearch, Teaching, and Learning w ith 
th e  P iag e t Model, (Norman, O kla .: U n iv e rs ity  o f Oklahoma P re ss , 1976), pp. 
79-89.
Joe W. McKinnon and John W. Renner, "Are C olleges Concerned w ith 
I n te l l e c tu a l  Development?" American Jo u rn a l o f  P h y sic s , 1971, Vol. 39,
No. 9 , pp. 1050-1052.
^^Livingston S. Schneider, R e la tio n sh ip s  Between Concrete and Formal 
In s tru e t io n a l  Procedures and Content-Achievem ent, I n te l l e c tu a l  Development, 
and Learner IQ, Unpublished D octoral D is s e r ta t io n , U n iv e rs ity  o f Oklahoma, 
1977.
^^Juan Pascual-Leone, C ognitive Development and Cognitive S ty le , 
Unpublished D octoral D is se r ta tio n , U n iv e rs ity  o f  Geneva, 1969.
TPRobbie Case, "V alida tion  o f  a n eo -P iag e tian  Capacity C o n stru c t,"  
Jo u rn a l o f Experim ental C hild  Psychology, 1972, Vol. 14, pp. 287-302.
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to  P ascual-L eone's  id e a , b u t a lso  shown th a t  s e le c te d  experience may 
he lp  th e  s tu d e n t overcome M-power r e s t r i c t io n s  and so lve  s p e c if ic
I Q
problem s.
Once ag a in , however, many educato rs continue to  see t h e i r  
r e s p o n s ib i l i ty  as e f f i c i e n t ly  "covering" th e  m a jo rity  o f  th e  concepts 
from th e  a v a ila b le  t e x t ,  w ith  l i t t l e  reg a rd  as to  who understands the  
in form ation  and who does n o t.
I t  would obviously  be demanding much o f  te a c h e rs  to  ask them 
to  ev a lu a te  many re se a rc h  f in d in g s  on b o th  in s t r u c t io n a l  p ra c tic e s  and 
psycho log ica l fa c to rs  which l im i t  le a rn in g  and then  sy n th es ize  a  compre­
hen siv e , ap p ro p ria te  system o f  in s t r u c t io n a l  tech n iq u es . Out o f  th e  
Science Curriculum  Improvement Study has evolved one approach to  sc ience  
in s t ru c t io n ,  however, which h a s , thus f a r ,  proven to  be c o n s is te n t  w ith  
bo th  th e  purposes o f  education  and th e  s tru c tu re  o f s c ie n c e . This 
approach i s  o f te n  d escrib ed  as the  " le a rn in g  c y c le ."^0
One purpose o f th i s  in v e s t ig a t io n ,  th e re fo re ,  has been to  b rin g  
to  th e  a t te n t io n  o f p re -s e rv ic e  and in -s e rv ic e  educato rs a d e ta ile d  
d e sc r ip tio n  o f th e  le a rn in g  c y c le , which fo llow s in  th e  design p o r tio n  
o f th e  paper. Another purpose o f th i s  in v e s t ig a t io n  was to  e lab o ra te  the  
re la tio n s h ip s  among M-power, in s t r u c t io n a l  methodology, co g n itiv e  develop­
ment, and achievement in  s e le c te d  concrete  and form al co n ten t so th a t  the
_______ , The Process o f S tage T ra n s itio n  in  C ognitive Develop­
ment, (Berkeley; U n iv e rs ity  o f C a lifo rn ia , 1977).
20John W. Renner and Donald G. S ta ffo rd , Teaching Science in  the  
Elementary School, T h ird  E d itio n , (New York: Harper & Row, 1979), pp. 144-151.
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read e r may b e t t e r  ev a lu a te  th e  e f f ic a c y  o f  th e  le a rn in g  cycle  as compared 
to  h is /h e r  own in s t r u c t io n a l  s ty le .
T h e o re tic a l Framework o f  th e  In v e s tig a tio n
"Before one human b e in g , th e  te a c h e r , can te a c h  an o th e r, the
le a rn e r ,  th e  te a c h e r  must know how th e  le a rn e r  le a m s  and what he can 
21l e a r n . "
According to  Jean P ia g e t, an in d iv id u a l may pass through fo u r 
q u a l i ta t iv e ly  d i s t in c t  phases o f i n te l l e c tu a l  development during  a l i f e ­
tim e. The f i r s t  o f  th ese  fo u r  s tag e s  o f  thought q u a li ty  extends from 
b i r th  to  around two years  and i s  c a l le d  th e  senso ri-m o to r p e rio d . During 
th i s  tim e, Lawson says th e  c h i ld 's  "major o b je c tiv e  i s  to  le a m  about 
o b je c ts  and th e i r  s p a t ia l  r e la t io n s h ip s .^2 I t  i s  a lso  Lawson's opin ion  
th a t  from age two to  about seven, th e  c h ild  p r im a r ily  develops an under­
stand ing  o f  symbols and t h e i r  conventional meanings. This tim e i s  known 
as the  p re -o p e ra tio n a l s ta g e  o f  i n t e l l e c tu a l  development. The th i r d  
s tag e  i s  la b e led  co ncrete  o p e ra tio n s  s in ce  th e  c h ild  begins to  perform  
m ental, r e v e rs ib le  a c tio n s  based on understandings o f  c la s s e s ,  r e la t io n s ,  
and q u a n t i t ie s .  As th e  la b e l  concre te  o p era tio n s  su g g ests , however, th ese  
m ental o p era tio n s  must o r ig in a te  w ith  concrete  o b je c ts  o r  p erso n a l 
e ig e r ie n c e s .
21john W. Renner, "Learning, M otivation , and P ia g e t ," Engineering 
E ducation, March, 1974, p . 416.
22 Anton E ric  Lawson, R e la tio n sh ip s  - Between Concrete and Formal 
O perational Science S ub jec t M atter and th e  I n te l l e c tu a l  Level o f  th e  
L earner, Unpublished D octoral D is s e r ta t io n , U n iv e rs ity  o f  Oklahoma, 1973,
p . 11.
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The h ig h e s t s tag e  o f thought q u a li ty  i s  le s s  dependent upon 
concrete  e jç e r ie n c e . Here th e  c h ild  develops th e  a b i l i t y  to  opera te  
on p ro p o sitio n s  as i f  they were r e a l i t y .  He sees im p lica tio n s  and, 
in  P ia g e t 's  words, " th in k s  beyond th e  p re se n t and forms th e o r ie s  
about ev ery th in g , d e lig h tin g  e s p e c ia lly  in  co n sid e ra tio n s  o f  th a t  
which i s  n o t . "23 His d ep artu res  from r e a l i ty  a re  based on lo g ic , 
however, no t fa n ta sy , and use a c h a r a c te r is t ic  form , thus g iv ing  th i s  
s tag e  th e  la b e l  form al o p e ra tio n s .
P la v e ll  has s a id  th a t  th e  o v e ra ll  e f f e c t  o f  such form al opera­
tio n s  i s  to  imbue in  people what he d escrib es  a s :
. . .n o t so much th i s  o r  th a t  s p e c if ic  behav io r as i t  i s  a 
g en era lized  o r ie n ta t io n , sometimes e x p l ic i t  and sometimes 
im p l ic i t ,  towards problem so lv in g , an o r ie n ta tio n  towards 
o rg an iz in g  d a ta  (com binatorial a n a ly s is ) , towards i s o la t io n  
and co n tro l o f  v a r ia b le s ,  towards the  h y p o th e tic a l, and 
towards lo g ic a l  ju s t i f i c a t i o n  and p ro o f .34
In  th e  y ea r 1961, th e  Educational P o lic ie s  Commission in fe r re d  
th a t  th i s  problem so lv in g  o r ie n ta tio n  r e s u l t s , a t  l e a s t  in  p a r t  from the 
w ell developed " ra tio n a l  powers" o f " . . . r e c a l l i n g  and im agining, c la s s i f y ­
ing and g e n e ra liz in g , comparing and ev a lu a tin g , analyzing  and sy n th es iz ­
es
in g , and deducing and in f e r r in g ."  In  t h e i r  own words, " th ese  p rocesses 
enable one to  apply lo g ic  and th e  a v a ila b le  evidence to  h is  id ea s .
23Jean P ia g e t, The Psychology o f  I n te l l ig e n c e , (P ate rson , New 
Je rsey : L i t t l e f i e l d ,  Adams, 1963), p . 148.
24j .h . F la v e l l ,  The Developmental Psychology o f  Jean P ia g e t, 
(New York: D. Van N ostrand, 1963), p . 211.
25Educational Policies Commission, loc. cit.
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a t t i tu d e s ,  and a c tio n s , and to  pursue b e t t e r  whatever goals  he may have.
As êin end p ro d u c t o f  in te l l e c tu a l  development th en , one a r r iv e s
a t  an in d iv id u a l who i s  n o t only capable o f  the  use o f  lo g ic a l  thought
p rocesses w ith  p ro p o s itio n s  b u t a lso  i n s i s t s  upon th e  use o f  lo g ic  and
a v a ila b le  evidence in  th e  so lu tio n  o f  problem s. The a tta inm en t o f  th a t
c a p a b il i ty  and o r ie n ta tio n  in  as.many s tu d en ts  as p o ss ib le  i s  the  c e n tra l
purpose o f education  as d efin ed  by th e  Educational P o lic ie s  Commission.
Although they  id e n t i f ie d  se v e ra l o th e r  purposes as w orthy, le g itim a te
outcomes o f le a rn in g , th ey  p o in ted ly  s ta te d .
The purpose which runs through and s tren g th en s  a l l  o th e r  
ed u ca tio n a l purposes -  th e  common th re a d  o f  education  -  
i s  the  development o f  th e  a b i l i t y  to  th in k .
Upon (the r a t io n a l  powers) depends (a s tu d e n t 's )  a b i l i ty  
to  achieve h is  p erso n a l goals and to  f u l f i l l  h is  o b lig a ­
t io n s  to  s o c ie ty .
The r a t io n a l  powers sire t h e . . .essence o f th e  a b i l i t y  to  
th in k .
In th i s  c o n tex t, th e re fo re ,  th e  development o f  every 
s tu d e n t 's  r a t io n a l  powers must be recognized  as 
c e n tra l ly  im portan t.
Of prim ary concern to  th e  educator i s  th a t  the  c h ild  probably
does n o t au to m atica lly  e n te r  in to  form al o p e ra tio n a l thought. P iag e t
has sa id  t h a t  a c h ild  has th e  m a tu ra tio n a l cap acity  to  e n te r  th is  s tag e
28as e a r ly  as age eleven o r  tw elve. N onetheless, re sea rch  has shown
Z ^ib id , p . 5.
27%bid, pp. 4-12, (parentheses added) 
28Piaget y op. cit., p. 123.
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th a t  th e  m a jo rity  o f h igh  school s tu d e n ts  and about h a l f  o f  a ty p ic a l
29 30sample o f  undergraduate co lleg e  s tu d en ts  a re  s t i l l  concrete  o p e ra tio n a l. '
As P ia g e t and h is  a s so c ia te , In h e ld e r, have them selves s ta te d ,
A p a r t ic u la r  s o c ia l  environment rem ains in d isp en sab le  fo r  
th e  r e a l iz a t io n  o f th ese  p o s s i b i l i t i e s .  I t  follow s th a t  
t h e i r  r e a l iz a t io n  can be a c c e le ra te d  o r  re ta rd e d  as a 
fu n c tio n  o f  c u l tu ra l  and ed u ca tio n a l c o n d itio n s .31
The main th ru s t  o f  P ia g e t 's  th eo ry  i s  s t r u c tu r a l  in s te a d  o f
fu n c tio n a l. As Case has p o in ted  o u t, P ia g e t 's  prim ary concern has been
to  d esc rib e  "the systems o f lo g ic a l  o p era tio n s  t h a t  c h ild re n  possess  a t
d i f f e r e n t  p o in ts  in  t h e i r  development, n o t to  p rov ide  a p sy ch o lo g ica l
d e sc rip tio n  o f the  p rocesses by which th e se  o p era tio n s  a re  acqu ired  and 
32u t i l i z e d ."  Two m ajor questions a re  th u s  l e f t  to  be answered in  d e ta i l  
by any th eo ry  o f in s tru c t io n  which i s  based on P ia g e t. The f i r s t  i s  how 
to  promote co g n itiv e  development in  th e  le a rn e r .  The second i s  how to  
adapt th e  in s tru c t io n  o f  c u l tu ra l ly  valued  s k i l l s  and concepts to  th e  
o p e ra tio n a l le v e l  o f th e  le a rn e r .
P iag e t has suggested  th a t  th e re  a re  fo u r fa c to rs  which in flu en c e  
th e  r a t e  o f a c h i ld 's  p rogress through th e  f i r s t  th re e  phases o f co g n itiv e  
development. These a re  m atu ra tion , p h y s ic a l experience , s o c ia l  in te ra c t io n .
3^Renner, e t .  a l . ,  og_. c i t . , pp. 90-109.
30l b id , pp. 110-129.
^^Barbel In h e ld e r and Jean P ia g e t, The Growth o f  L ogical Thinking 
from Childhood to  Adolescence, (New York; B asic Books, I n c . ,  1958), p . 337.
32Robbie Case, "P iaget and Beyond: Toward a Developmentally Based
Theory and Technology o f  I n s t r u c t io n ," Advances in  In s tru c t io n a l  Psychology, 
Vol 1 , Robert G laser, ed. (H illsd a le , New Je rse y : Lawrence Erlbaum A ssoc., 
1978), p . 177.
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and e q u il ib ra t io n .^ ^  He f u r th e r  contends t h a t  none o f  th e  f i r s t  th re e  
fa c to rs  i s  s u f f ic ie n t  by i t s e l f  to  a c c o u n t.fo r  th e  move from one s tag e  
o f thought p ro cesses  to  anything h ig h e r . D is e q u il ib ra tio n  and e q u i l i ­
b ra tio n  a re  thus deemed n ecessary  fo r  s u b s ta n t ia l  co g n itiv e  development.
In  c o n tra s t  to  t r a d i t io n a l  le a rn in g  th e o ry , P ia g e t views le a rn in g  
as more than  j u s t  an accum ulation o f a s s o c ia t io n s .  In  a d d itio n  to  th e  
g radual accum ulation o f is o la te d  "schemes,"  P ia g e t 's  th eo ry  in fe r s  an 
in te rm it te n t  r e v is io n  o f  th e  r e la t io n s h ip s  t h a t  a re  drawn among them.
The p rocess by which " s t ru c tu re s ,"  i . e .  h ie r a rc h ic a l  arrangem ents o f
34schemes, a re  re v ise d  i s  r e fe r r e d  to  as " e q u il ib ra tio n "  by P h i l l ip s .
Again, s in c e  P ia g e t i s  more concerned w ith  d esc rib in g  the s tag es
o f co g n itiv e  development than  th e  mechanisms fo r  t r a n s i t io n s  from one
stag e  to  an o th e r, h is  w ritin g s  are  r a th e r  vague concerning what i s
s p e c i f ic a l ly  involved  in  e q u il ib ra t io n  p ro c e sse s . According to  Case,
P iag e t does make i t  c le a r  th a t  th ese  p ro cesses  invo lve a " r e f le c t io n
on the  adequacy o f  th e  c u rre n t s e t  o f o p e ra tio n s  and on experim entation
35w ith  new o p e ra tio n s ."  This r e f le c t io n  on th e  adequacy o f  h is  c u rre n t 
s e t  o f  o p era tio n s  may be i n i t i a t e d  by th e  l e a r n e r 's  p e rce iv in g  some 
anomaly from h is  environm ent, b u t th e  m ental search  fo r  adequate explana­
tio n s  i s  a co n tin u in g , a c tiv e  p ro cess . As P h i l l ip s  has d esc rib ed  i t .
S tru c tu re s  c o n tin u a lly  move toward a s ta t e  o f eq u ilib riu m , 
and when a s t a t e  o f  r e l a t iv e  eq u ilib riu m  has been a t ta in e d .
^^Jean P ia g e t,  "Development and L earn ing ,"  The Jo u rn a l o f  Research 
in  Science Teaching, Vol. 2, Issu e  3, 1964, pp. 176-186.
34
John L. P h i l l ip s ,  J r . ,  The O rig in  o f I n t e l l e c t ; P ia g e t 's  Theory, 
Second E d itio n , (San F ran c isco ; W.H. Freeman & C o., 1975), p . 14.
35case, "P iag e t and Beyond," op . c i t . , p .  170.
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th e  s tru c tu re  i s  sh a rp e r , more c le a r ly  d e lin e a te d , than  i t  
had been p re v io u s ly . But th a t  very  sharpness p o in ts  up 
in c o n s is te n c ie s  and gaps in  the  s tru c tu re  t h a t  had never 
been s a l ie n t  b e fo re . Each eq u ilib riu m  s t a t e  th e re fo re  
c a r r ie s  w ith  i t  th e  seeds o f i t s  own d e s tr u c t io n .36
A c h ild  thus beg ins l i f e ,  according to  P ia g e t ,  w ith  a simple
re p e r to ir e  o f a c tio n  schemes. Through e q u i l ib ra t io n  in te ra c t in g  w ith
experience and m atu ra tio n , th e  i n i t i a l  r e p e r to i r e  g rad u a lly  becomes more
d if f e r e n t ia te d  and co o rd in a ted . Case has id e n t i f ie d  th e  P ia g e tia n  s tag es
o f co g n itiv e  development as those  p o in ts  in  th e  c h i ld 's  l i f e  when the
re p e r to ir e  o f schemes i s  so coord inated  and in te rd ep en d en t as to  g ive them
th e  p ro p erty  o f  an o rgan ized  s y s t e m .  37
One c o n tr ib u tio n  o f  coitputer s im u la tio n  to  th e  s tudy  o f co g n itiv e
development was Simon's suggestion  th a t  th e  s e r ie s  o f P ia g e tian  s tag es  may
be modeled as a s e r ie s  o f  " in c re a s in g ly  complex and pow erful execu tive
s t r a t e g i e s . "38 Extending th i s  model, Pascual-Leone th e o r iz e d  th a t  two
fa c to rs  a re  re sp o n s ib le  fo r  such p ro g ressio n s  o f  com plexity; experience
w ith  th e  s tra te g y  in  q u es tio n  and an in c rease  in  th e  s iz e  o f th e  working
39memory o r M-power.
In  th e  co n tex t o f  P ascual-L eone 's  id e n t i f ic a t io n  of working 
memory s iz e  as a  f a c to r  involved in  P iag e tia n  s tag e  t r a n s i t io n ,  Case has
^ ^ P h il l ip s , og_. c i t . , p . 10.
37Case, "P iag e t and Beyond," lo c .  c i t .
A. Simon, "An Inform ation P rocessing  Theory o f  I n te l le c tu a l  
Development," Thought in  the-Young C hild , W. Kessen & C. Kohlman, e d . , 
S ocie ty  fo r  Research in  Child  Development Monographs, 1962, pp. 150-155.
38pascual-Leone, lo c . c i t .
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p o s tu la te d  th e  fo llow ing d e ta i l s  fo r  e q u il ib ra tio n ;
1. Whenever two incom patible schem es'are a c tiv a te d , the le a rn e r  
experiences " d is e q u il ib ra tio n "  o r  co g n itiv e  c o n f l ic t ,
2. Upon being  d is e q u il ib ra te d , th e  le a rn e r  tem p o ra rily  abandons 
h is  c u rre n t execu tive  scheme and i n i t i a t e s  a search  fo r  more inform ation  
so as to  re so lv e  th e  c o n f l ic t .
3. The m ental search  fo r  o ther re le v a n t in form ation  takes p lace  
in  d is c re te  s te p s ,  each o f which tak es  a c e r ta in  amount o f time befo re  
the  n ex t i s  s ta r te d .
4. Each m ental s te p  c o n s is ts  o f e i th e r  th e  memory r e t r i e v a l  of 
one o r  more f ig u ra t iv e  schemes re p re sen tin g  f a c ts ,  s t a t e s ,  o r  meanings 
o r th e  genera tion  o f  a  new, f ig u ra t iv e  scheme by an o p e ra tiv e  scheme.
5. The number o f  schemes th a t  can be coo rd inated  in  a s in g le  m ental 
s tep  i s  l im ite d  by two f a c to r s .  F i r s t  the  number o f  schemes which can be 
a c tiv a te d  by something in  a p e rso n 's  p e rcep tu a l in p u ts  i s  lim ite d  by the 
s iz e  and s e n s i t iv i ty  o f th a t  p e rso n 's  p e rcep tu a l f i e ld .  Second, the
number o f  schemes which can be re c a l le d  in  any one m ental s te p , i . e .  M- 
power, i s  a lso  l im ite d . R ecall o f  any scheme from memory, w ithout support 
from the p e rcep tu a l f i e ld ,  re q u ire s  the person  to  e x e r t  m ental e f f o r t  to  
a c t iv a te  and then m ain ta in  the  scheme. S ince th e  amount o f  m ental energy 
a v a ila b le  fo r  t h i s  a t  any one moment i s  l im ite d , th e  number o f schemes 
which can be r e c a l le d  i s ,  th e re fo re , lim ite d  as w e ll.
6. In  re so lv in g  c o n f l ic ts  between two incom patible schemes, the  
le a rn e r  w il l  fav o r th e  response congruent w ith  th e  g re a te s t  number o f
40Case, "P iag e t and Beyond," op. c i t . , p . 189.
25
c u rre n tly  a c tiv a te d  schemes i f  a  new f ig u ra t iv e  scheme i s  n o t generated .
7. A fte r  p r a c t ic e ,  the  sequence of s tep s  by which co g n itiv e  
c o n f l ic t  has been reso lv ed  i s  co n so lid a ted  as k  new s tra te g y  o r  executive 
s tr a te g y , which i s  a u to m a tica lly  a c tiv a te d  on subsequent t r i a l s .  E q u ili­
b ra tio n  h as , th e re fo re ,  occu rred .
The maximum number o f independent schemes th a t  can be success­
f u l ly  coord inated  from memory a t  any one moment and used in  th e  so lu tio n  
o f  a s p e c if ic  m ental ta sk  i s  r e fe r re d  to  as th e  s u b je c t 's  working memory, 
o r  M -p o w e r .A c c o rd in g  to  Pascual-Leone, M-power in c rea se s  l in e a r ly  as 
a  fu n c tio n  o f  age, reach ing  a maximum when th e  su b je c t reaches approxim ately 
15-16 years o f age.^^
Not a l l  d is e q u il ib ra t io n s  re q u ire  th e  l e a r n e r 's  maximum M-power.
For many f a c i l i t a t i n g  ta s k s ,  th e  necessary  M-power i s  thought to  be only^ 
two schemes. Whenever th e  accommodation o f an anomaly demands more M-power 
than the  le a rn e r  has a v a i la b le ,  th e  M-power becomes a l im it in g  fa c to r  on 
understanding .
For example, P h i l l ip s  d efin es  "conservation" as th e  s u b je c t 's  
r e a l iz a t io n  th a t  c e r ta in  p ro p e r t ie s  o f a system remain the  same in  s p ite  
o f  tran sfo rm atio n s perform ed w ith in  the  s y s t e m . A  common P ia g e tia n  ta sk
^^Anton E. Lawson, "M-Space; Is  I t  a  C o n s tra in t on Conservation 
Reasoning A b ility ? "  Jo u rn a l o f  Experim ental Child Psychology, Vol. 22, 
1976, p . 41.
‘̂ ^Ib id ,  pp. 40-41.
43Case, "P iaget and Beyond," op_. c i t . , p . 183.
^'^Phillips, op. cit., p. 97.
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fo r  a s se ss in g  conservation  o f continuous q u a n tity  invo lves th e  f i l l i n g  o f  
two id e n t ic a l  beakers w ith  equcil amounts o f  w a te r. The w ater from one 
beaker i s  then  poured in to  a t a l l ,  th in  g raduated  c y lin d e r . In o rd e r fo r  a 
su b je c t to  then  r e a l iz e  th a t  th e  amounts o f  l iq u id  a re  s t i l l  th e  same. Case 
p re d ic te d  th a t  he must be ab le  to  coo rd ina te  th re e  schemes a t  th e  same 
moment -  one scheme to  re p re se n t th e  i n i t i a l  e q u a li ty  o f  th e  amounts o f 
l iq u id  in  th e  two b eak ers , one to  re p re se n t th e  a c t  o f  p ou ring , and one to  
re p re se n t the  ru le  th a t  pouring  does n o t change q u a n t i t y . I t  has been 
shown th a t  c h ild re n  do n o t norm ally a c t iv a te  th re e  schemes a t  one time 
u n t i l  th e  age a t  which conservation  reason ing  i s  attained.'^®  M-power has 
a lso  been seen to  c o r re la te  p o s i t iv e ly  w ith  v ario u s  conservation  t e s t s  
even a f t e r  age has been p a r t ia le d  o u t.^ ?
Lawson's r e s u l t s ,  however, d id  n o t always support Pascual-L eone' s 
con ten tion  th a t  M-power i s  a necessary  co n d itio n  fo r  so lv in g  a P ia g e tian  
ta sk  a t  th e  normal age le v e l  and under normal le a rn in g  conditions.^®  A 
" la rg e  percen tage" o f  th e  su b je c ts  whose M-power measured le s s  than  th e  
a b i l i t y  to  coo rd ina te  th re e  schemes a t  th e  same moment were seen by Lawson
^^Case, "P iaget and Beyond," og_. c i t . , p . 181.
46Juan Pascual-Leone, "A M athematical Model fo r  th e  T ra n s itio n  
Rule in  P ia g e t 's  Developmental S tag es,"  Acta P sycholog ica, Vol. 63, 1970, 
pp. 301-345.
^^Robbie Case, "Responsiveness to  C onservation T rain ing  as a 
Function o f  Induced S ub jec tive  U ncerta in ty , M -space, and Cognitive S ty le ,"  
Canadian Jo u rn a l o f  B ehavioral S cience, V ol. 9 , 1977, pp. 12-26.
48Lawson, "M-Space," og_. cit., pp. 40-45.
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to  dem onstrate co n serv a tio n  reason ing  in  a  "normal" classroom , w ithou t 
p r io r  t r a in in g  on th e  P ia g e tia n  ta s k s .
Lawson considered  th e  p o s s ib i l i t y  th a t  th e  Backward D ig it Span 
t e s t  o f  M-power m ight no t t e s t  a s u b je c t 's  maximum M-power under a l l
s i tu a t io n s .  He f u r th e r  reasoned th a t  ta sk  a n a ly s is  o f  th e  maximum M-
demand n ecessary  f o r  s p e c i f ic  ta sk s  might n o t y ie ld  th e  same f ig u ra t iv e  
scheme e s tim a te s  f o r  d i f f e r e n t  in v e s t ig a to r s  o r  might n o t a c tu a l ly  be 
th e  reason ing  p a t te rn s  used by th e  su b je c ts  in  so lv in g  th e  ta sk .^ 9
R egardless o f  th e  s p e c i f ic  number o f  schemes which must be 
a c t iv a te d  to  succeed on a  p a r t i c u la r  ta s k , Pascual-Leone has p o s tu la te d  
th a t  th e  l e a r n e r 's  M-power i s  dependent p r im a r ily  on f a c to rs  such as 
m atu ra tion  o r  g en e ra l experience and i s  independent o f  th e  e f f e c ts  o f 
s p e c if ic  ex p e r ie n c e .50 Research has shown th a t  a few s p e c i f ic  experiences 
u su a lly  produce l i t t l e  e f f e c t  on c o g n itiv e  g r o w t h . This i s  n o t unexpect­
ed i f  co g n itiv e  development i s  viewed as a sequence o f  s tag e s  which stems
from a succession  o f  q u a l i t a t iv e ly  d i s t i n c t  execu tive  s t r a t e g ie s .  Such 
s t r a te g ie s  con tinue unchanged u n t i l  experience p rov ides th e  d i s e q u i l i -  
b ra tin g  stim ulus o f  an anomaly to  th e  s tu d e n t. Furtherm ore, th e  e q u i l i ­
b ra tio n  p ro cesses  involve th e  s tu d e n t in  a g re a t dea l o f  r e f le c t in g .
49lbid.
^Opascual-Leone, "A M athem atical Model," lo c . c i t .
^ b a r b e l  In h e ld e r , H. S in c la i r ,  and M. Bo v e t , Learning and th e  
Development o f  C ognition , (Cambridge, M ass.: Harvard U n iv e rs ity  P re ss , 
1974).
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comparing, co o rd in a tin g , and c o n s tru c tin g . As Case p u ts  i t ,  "Because th e
ta sk  o f  co g n itiv e  reo rg a n iz a tio n  i s  such a m assive and fundam ental one,
P ia g e t assumes th a t  th e re  i s  a  l im i t  to  how much a c c e le ra tio n  o f  develop-
52ment can be expected by any s o r t  o f  environm ental m an ip u la tio n ."
On the  o th e r  hand, a  broad background o f  co ncrete  experience 
should e f f e c t  co g n itiv e  growth. Using th e  P ia g e tia n  frame o f  re fe re n c e , 
concrete  o p e ra tio n a l su b je c ts  (which most p u b lic  school c h ild re n  are) 
can only a s s im ila te  d a ta  from experience and then  accommodate to  i t .
They cannot o p era te  on p ro p o s itio n s . P e rso n a l, d isc re p a n t sensory ex­
p e rien ces  a re  thus necessary  to  t r ig g e r  e q u i l ib ra t io n .
In  the  Pascual-Leone ex ten sio n  o f  th e  P ia g e tia n  model, e q u i l i ­
b ra tio n  i s  n o t p o s s ib le  whenever a t a s k 's  g r e a te s t  M-demand i s  la r g e r  
than th e  s u b je c t 's  M-power. However, schemes which continue to  be 
a c tiv a te d  by sensory  in p u ts  from th e  s u b je c t 's  p e rc ep tu a l f i e ld  a re  not 
counted in  f ig u r in g  a t a s k 's  M-demand, s in c e  th e  mind does no t have to  
e x e r t m ental e f f o r t  to  r e c a l l  th ese  schemes. Thus, although a  s u b je c t 's  
a b i l i t y  to  p r o f i t  from experience m ight be lim ite d  by h is  M-power, such 
l im ita tio n s  might be overcome when th e  s u b je c t 's  concre te  experiences 
a c t  so as to  reduce th e  demands on h is  working memory.
This in v e s t ig a to r  hypothesized  th a t ,  over a long enough p e rio d  
o f  tim e, su b je c ts  who were tau g h t w ith  many concrete  experiences should 
e q u i l ib ra te  s ig n if ic a n t ly  more schemes than  su b je c ts  tau g h t w ith
52Case, "Piaget and Beyond," og_. cit., p. 170.
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t r a d i t io n a l  le c tu re  tech n iq u es . I f  co g n itiv e  development i s  viewed as a 
succession  o f  q u a l i ta t iv e  re v is io n s  o f  th e  r e la t io n s h ip s  drawn among 
schemes, then  th e  group d iffe re n c e s  in  e q u il ib ra t io n  a c t iv i ty  should 
ev en tu a lly  produce s ig n i f ic a n t  d iffe re n c e s  between th e  two in s tru c t io n  
groups in  measures o f  bo th  co g n itiv e  development and co n ten t achievement. 
This in v e s t ig a t io n , th e re fo re ,  had th e  o b jec tiv e  o f  g a th e rin g  d a ta  to  
e:q)lore th e  n a tu re  o f  th e se  p o s tu la te d  re la tio n s h ip s  among teach ing  
m ethodologies, M-power, r a t e  o f  co g n itiv e  development, and achievement 
in  se le c te d  b io logy  co n ten t.
CHAPTER I I I  
PROCEDURES OF THE STUDY
S elec tio n  o f th e  S ubjects
In  o rd er to  g a th e r d a ta  to  t e s t  th e  p rev io u s ly  s ta te d  hypotheses, 
bo th  an experim ental group o f  s tu d en ts  and a c o n tro l group o f  s tu d en ts  
were re q u ired . These were s e le c te d  from th e  Yukon Mid-High, Yukon, 
Oklahoma, a suburban school o f  over n ine  hundred n in th  and te n th  grade 
s tu d e n ts .
Although Biology I  i s  an e le c t iv e  su b je c t a t  th i s  school, most 
s tu d en ts  ty p ic a l ly  f u l f i l l  t h e i r  lab o ra to ry  sc ience graduation  re q u ire ­
ment w ith  Biology I .  For th e  1979-80 school y e a r , th e re  were fo u rteen  
se c tio n s  o f  Biology I .
The e x te rn a l v a l id i ty  o f any fin d in g s  from th i s  in v e s tig a tio n  
a re  founded on th e  assumption th a t  th e  experim ental group resembled th e  
c o n tro l group in  as many c h a r a c te r is t ic s  as p o s s ib le . Since randomiza­
t io n  i s  th e  b e s t  technique fo r  eq u a liz in g  any d iffe re n c e s  between th ese  
groups, th e  ad m in is tra to rs  a t  Yukon Mid-High cooperated w ith  the  in v e s t i ­
g a to r 's  req u es t fo r  maximum random ization by computer o f  c la s s  assignm ents 
fo r  Biology I  fo r  th e  1979-80 school y e a r . Science c la s s  s iz e s  were a lso
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equalized  w ith  about tw en ty -fiv e  s tu d en ts  being  th e  norm. These admin­
i s t r a t o r s  a lso  cooperated  by m inim izing th e  number o f  s tu d e n t t r a n s f e r s  
between c la s s  s e c tio n s . Only one s tu d en t was t r a n s f e r r e d  between th e  
two in s t ru c t io n a l  procedures^ and th i s  s tu d en t was tra n s fe r r e d  w ith in  
two weeks a f t e r  the  s t a r t  o f  th e  school y ea r.
Three se c tio n s  o f  Biology I  were assigned  to  th e  in v e s t ig a to r  
as w ell as th re e  se c tio n s  to  th e  o th e r  p a r t ic ip a t in g  in s t r u c to r .  To 
avoid random e r ro r s  in  trea tm en t as much as p o s s ib le ,  a l l  th re e  se c tio n s  
fo r  each te a c h e r  were used fo r  d a ta -g a th e rin g  pu rposes. In d iv id u a l 
s tu d en ts  who were re p e a tin g  Biology 1 were e lim in a ted  from co n s id e ra tio n , 
as w ell as s tu d en ts  m issing  more than twenty p e rc e n t o f  the  c la s se s .
For the  group re c e iv in g  concrete  in s tru c t io n ,  f iv e  s tu d en ts  were sub­
sequently  e lim in a ted  from co n s id e ra tio n , leav in g  s ix ty - e ig h t  s tu d en ts  
in  th e  e:iq)erimental group. Four s tu d en ts  were lik ew ise  removed from 
the group rec e iv in g  form al in s t ru c t io n ,  leav ing  s ix ty -sev e n  s tu d en ts  in  
the co n tro l group.
Instrum en ta tion
This in v e s t ig a t io n  proposed to  id e n tify  th e  n a tu re  o f  p o s tu la te d  
re la tio n s h ip s  among teach in g  methodology, M-power, the  r a te  o f  co g n itiv e  
development, and achievement in  s p e c if ie d  b io logy co n ten t. Upon a ss ig n ­
ment to  one o f the  two in s tru c t io n  m ethodologies, each s tu d en t was asked 
h is  o r  h er ch rono log ica l age in  months fo r  determ ining c o r re la tio n s  
among age, M-power, and co g n itiv e  development-
C ognitive development was measured by each s tu d e n t ' s performance 
on th re e  w r itte n  in c id e n ts  developed by th e  C ognitive A nalysis
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P ro je c t  ( C A P ) i n  com bination w ith  th e  Group Embedded F igures T est 
(GEFT). A re g re s s io n  equation  developed by th e  CAP was then  used to  
genera te  a s in g le  "co g n itiv e  development" sco re  fo r  each s tu d e n t.
More s p e c i f ic a l ly ,  th e  CAP genera ted  a s e t  o f  w r i tte n  m a te r ia ls  
th a t  could be adm in istered  to  la rg e  groups and s t i l l  p rov ide  in d iv id u a l 
sco res  having a  su b s ta n tis il p o s i t iv e  c o r re la t io n  w ith  t h e i r  sco res on the 
in d iv id u a lly  ad m in istered , P ia g e tia n  ta sk - in te rv ie w  which Lawson had 
e a r l i e r  determ ined to  be a  v a l id  measure o f  i n t e l l e c tu a l  developm ent.^
The th re e  w r i tte n  in c id e n ts  developed by th e  CAP and t i t l e d  
"The Shadows Problem" (S ), "The Frog Problem" (F ), and "The Geranium 
Problem" (G), were used to  measure th e  form al o p era tio n s  o f p ro p o rtio n a l 
reason ing  as w ell as th e  se p a ra tio n  and co n tro l o f  v a r ia b le s . The GEFT 
was used to  d isc r im in a te  between f i e ld  dependent and f i e ld  independent 
th in k e rs , which th e  CAP had a lso  determ ined to  be r e la te d  to  in t e l l e c tu a l
developm ent.4
A s tu d e n t 's  se p a ra te  sco res on bo th  th e  th re e  in c id e n ts  o f  the  
CAP and th e  GEFT were combined by a re g re s s io n  eq u a tio n , developed by the  
CAP which y ie ld ed  a s in g le  co g n itiv e  development sco re , c a lle d  th e  "E n tire
John W. Renner, "The R e la tio n sh ip s  Between I n te l l e c tu a l  Develop­
ment cind W ritten  Responses to  Science Q u estio n s," Jo u rn a l o f  Research in  
Science Teaching, Vol. 16, No. 4, 1979, pp. 284-293.
^ P h ilip  K. Oltman, Evelyn Raskin and Herman A. W itkin, Group Embed­
ded F igures T est, (Palo A lto , C a l i f . :  C onsulting  Psycholog ical P re s s , 1971).
^^nton E ric  Lawson, - R e la tio n sh ip s  Between C oncrete 'and  Formal Opera­
t io n a l  Science S ubject M atter and th e  I n te l l e c tu a l  Level o f  the  L earn e r,Unpub- 
l is h e d  D octoral D is s e r ta t io n , U n iv e rs ity  o f  Oklahoma, 1973, pp. 28-30-
^Renner, op. c i t . , p . 296.
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In terv iew " o r  E l sco re . The re g re s s io n  equation  i s  as fo llow s:
El = 0.17 (GEFT) + 0.38 (S) + 0.37 (F) + 0.30 (G) + 3.95 
Normative d a ta  on th i s  E l in d ic a to r  o f c o g n itiv e  development have shown a 
s tan d ard  e r ro r  o f  1.85 and a m u ltip le  c o r re la t io n  c o e f f ic ie n t  o f  .70 w ith 
s tu d e n ts ' P ia g e tia n  ta sk - in te rv ie w  s c o r e s . ^ G rant re c e n tly  e s ta b lish e d  
th e  v a l id i ty  o f  th e  El sco re  as a  r e l i a b le  measure o f  a s tu d e n t 's  le v e l 
o f  co g n itiv e  development.®
In  view o f  th e  f in d in g  o f Lawson and Renner th a t  form al o p e ra tio n a l
n
thought i s  necessary  to  f u l ly  understand  a form al o p e ra tio n a l concept, 
in strum ents used fo r  ev a lu a tin g  s tu d en t c o n ten t achievement should d i s t i n ­
guish  between success on co n cre te  o p e ra tio n a l concept q u estio n s and success 
on form al o p e ra tio n a l concept q u e s tio n s . Lawson and Renner have defined  
concrete  o p e ra tio n a l concepts as "concepts whose meaning can be developed
Q
from f i r s t - h a n d  experience w ith  o b jec ts  o r  e v e n ts ."  They have defined  
form al o p e ra tio n a l concepts as "concepts whose meaning i s  deriv ed  through
Q
p o s it io n  w ith in  a p o s tu la to ry -d e d u c tiv e  ( th e o re t ic a l)  system ."
The in strum ents to  be used fo r  ev a lu a tin g  co n ten t achievement 
were developed by th e  in v e s t ig a to r .  Before a  t e s t  was ad m in iste red , i t s
^Ib id .
^R osalie  G rant, Group and In d iv id u a l Problem Solving High School 
S tu d en ts , Unpublished D octoral D is s e r ta t io n , U n iv e rs ity  o f  Oklahoma, 1978.
^Anton E. Lawson and John W. Renner, "R ela tio n sh ip s  o f Science 
Sub ject M atter and Developmental Levels o f  L earn e rs ,"  Jo u rn a l o f  Research 
in  Science Teaching, 1975, Vol. 12, No. 4 , p . 348.
^Ib id .
^ I b id ,  (paren theses added).
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c r i te r io n  v a l id i ty  was considered . The in v e s t ig a to r  and John W. Renner 
used th e  p re v io u s ly  l i s t e d  c r i t e r i a  to  id e n t i fy  which questions measured 
understanding o f  co ncrete  concepts and which q u estio n s measured under­
stand ing  o f form al concepts. Since concre te  o p e ra tio n a l s tu d en ts  were 
n o t e^qjected to  understand formal concepts, th a t  p o r tio n  o f each co n ten t 
achievement t e s t  which was id e n t i f ie d  as re q u ir in g  formal o p e ra tio n a l 
thought was n o t used to  assig n  s tu d en t g rades.
Both th e  E ducational P o lic ie s  Commission^® and the  Oklahoma 
Curriculum Improvement Commission^ recognized  th a t  the  h ig h er values of 
education a re  r e f le c te d  in  the development o f  the  s tu d e n t 's  a b i l i t y  to  
reo rgan ize  in fo rm ation  and t r a n s f e r  le a rn in g s  from one con tex t to  ano ther. 
I t  was th e  in v e s t ig a to r 's  judgment th a t  q u estio n s  measuring concept under­
standings re q u ire  more o f th e  s tu d en t than  th e  id e n t i f ic a t io n  o f concept 
la b e ls .  O therw ise, s tu d en ts  could re g u la r ly  p ro v id e , through memory, the  
c o rre c t la b e ls  fo r  concepts they  d id  no t f u l ly  understand. Both form al 
and concrete  co n ten t questions were th e re fo re  designed to  ençihasize the  
ap p lic a tio n s  o f  in form ation  in  new s i tu a t io n s .
Since th e  co n ten t achievement instrum ents were constru c ted  by the 
in v e s t ig a to r ,  t h e i r  co n ten t v a l id i ty  was e s ta b lish e d  by a p r io r i  co n ten t 
v a lid a tio n  o f  a l l  t e s t  q u estio n s by a panel o f  a t  l e a s t  the  in v e s t ig a to r ,  
the cooperating  in s t r u c to r ,  and John W. Renner. The r e l i a b i l i t y  o f th ese
■^^Educational P o lic ie s  Commission, The C en tra l Purpose o f American 
Education, (Washington, D .C.: N ational Education A sso c ia tio n , 1961).
^^Oklahoma Curriculum Iitprovement Commission, The Improvement of 
Science In s tru c tio n  in  Oklahoma, Grades K-6, (Oklahoma C ity : Oklahoma S ta te  
Depar'tment o f E ducation, 1968).
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12t e s t s  was estim ated  using  th e  Kuder-Richardson form ula 20 i l l u s t r a t e d  below.
_ _ ___ s  ,  - Z M
n - l
where, n = th e  number o f  item s in  th e  t e s t  
O” ^ = the  variance
p = th e  p ro p o rtio n  p assin g  a q u estio n  
q = 1 -  p , the  p ro p o rtio n  f a i l in g  a question  
R e l ia b i l i ty  c o e f f ic ie n ts  fo r  each o f the  con ten t exam inations are  
p resen ted  in  Table 3-1.
TABLE 3-1 
KUDER-RICHARDSON TEST RELIABILITIES
Content Examination r t t
1 -  Ecology .79
2 -  Energy U ti l iz a t io n .82
3 -  Energy Production .63
M-power was measured fo r  each s tu d en t w ith  two in stru m en ts . The 
f i r s t  o f  th ese  was th e  1977 v e rs io n  (752) o f the  F ig u ra i In te rs e c tio n  T est 
(PIT) , a group adm in istered  paper and p e n c il t e s t  o f M-power which has 
been used fo r  a d u lts  as w e ll as c h ild re n . I t  req u ired  su b je c ts  to  fin d  
the  in te r s e c t in g  p o in t  o f  se v e ra l simple f ig u re s  which form a conçlex 
design as they  o v erlap .
12 David Magnusson. T est Theory, (Reading, Mass. :  Addison-Wesley 
Pub. Co., 1967), pp. 115-119.
^^Juan Pascual-Leone, FIT -  F ig u ra i In te rs e c t io n  T e s t; A Group 
Measure o f M-Space, Unpublished m anuscrip t, York U n iv e rs ity , 1977.
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Pascual-Leone th e o riz ed  th a t  M-power norm ally in c rea se s  l in e a r ly  
w ith  age. In  h is  op in ion , th e  c o n s tru c t v a l id i ty  o f th e  FIT has been 
e s ta b lish e d  by examining th e  percen tage o f item s o f  each degree o f 
d i f f i c u l ty  which have been passed  by each o f  the  se v e ra l age groups he 
used fo r  ex tim ating  M-power.
More s p e c i f ic a l ly ,  Pascual-Leone considered  a su b je c t to  have 
perform ed su c c e ss fu lly  on a  c e r ta in  c la s s  o f  PIT item s i f  he marked 75% 
o f  them c o r r e c t l y . U s i n g  th i s  75% c r i te r io n ,  h is  re sea rch  showed th a t  
most ch ild ren  o f age seven passed  c la s s  th re e . Ztost ch ild re n  o f  age n ine 
passed c la s s  fo u r. This tre n d  continued u n t i l  s tu d en ts  reached age f i f ­
teen  to  s ix te e n , whereupon su b je c t performance le v e le d  o f f  a t  the p assin g
_ , 16 o f  c la s s  seven.
The r e l i a b i l i t y  es tim a tes  o f  th e  p re se n t re v is io n  o f  th e  FIT 
have n o t y e t been determ ined by Pascual-Leone. He d id , however, use the 
s p l i t - h a l f  method^^ to  determ ine th a t  p rev ious v ersio n s  o f  th e  FIT had 
an average r e l i a b i l i t y  o f  .88.
A second measure o f  M-power was used in  o rd e r  to  reduce measure­
ment e r ro r  p o s s ib le  from th e  la rg e  group-adm in istered  FIT. Case in d ic a te d  
th a t  th e  s iz e  o f  a  s u b je c t 's  backward d i g i t  span v a lid ly  measures h is  
le v e l o f  M-power. His re sea rch  showed i t s  s p l i t - h a l f  r e l i a b i l i t y  to  be
14
_______ , Manual fo r  FIT, pp. 9-10.
ISlbid.
^®Ibid.
^"^Ibid, p . 11.
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18.83. The Backward D ig it  Span T est (BDS) was th e re fo re  used as a second 
measure o f  M-power, b u t problems developed w ith  t h i s  t e s t  which are 
d iscu ssed  in  Chapter IV.
The procedure used to  measure a s tu d e n t 's  backward d ig i t  span 
was to  determ ine th e  h ig h e s t  number o f  d ig i t s  th e  su b je c t could  re p e a t in  
rev e rse  o rd e r  b e fo re  making two consecu tive  f a i lu r e s .  As an ad ap ta tio n  
fo r  sm all group te s t in g ,  bo th  th e  in s t ru c t io n s  to  th e  su b je c ts  and the  
exam ination s e r ie s  o f random d ig i t s  were tap e  recorded . The t e s t  was 
preceded by an in s t r u c t io n  p e rio d  which inc luded  s e v e ra l p r a c t ic e  s e r ie s .  
The r a te  o f d i g i t  p re se n ta tio n  was 1 - 1 . 5  seconds and each s e r ie s  was 
preceded by an a u d ito ry  s ig n a l .  The same tap e  reco rd in g  was used fo r  bo th  
p r e te s t s  and p o s t te s t s .
D esc rip tio n  o f th e  Treatm ent Procedures 
C oncrete In s t ru c t io n a l  Procedures 
According to  P ia g e t ,  people a re  c o n s ta n tly  a s s im ila tin g  d a ta  from 
the  environm ent. In o rd e r  to  a ss ig n  meaning to  th e se  ex p erien ces, a person  
must have p re v io u s ly  developed m ental transfo innation  p ro cesses  o r 
s t r u c t u r e s . Thus, when some d a ta  a re  a s s im ila te d  fo r  which th e re  a re  no 
s tru c tu re s ,  those  d a ta  a re  n o t understood. At th e  p o in t a person  r e a l iz e s  
he/she  does no t u n derstand , however, h is /h e r  d ise q u ilib r iu m  m otivates th e  
e q u il ib ra t io n  p ro cesses  by which a  new s tru c tu re  i s  co n s tru c te d , probably
J.8  Robbie Case, "V a lid a tio n  o f a  n eo -P iag e tia n  C apacity  C o n stru c t,"
Journal o f  Experim ental C hild  Psychology, 1972, Vol. 14, pp. 287-302.
I Q
.................  John W. Renner and Donald G. S ta ffo rd , Teaching Science in  th e
Elem entary School, Third E d itio n , (New York: Harper & Row, 1979), p . 50.
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by re c o n s tru c tin g  e x is t in g  s t r u c tu r e s .  In P ia g e tia n  term s, th e  person 
accommodates to  th e  new d a ta . F u r th e r , any understand ing  developed as th e  
person accommodates th ese  d a ta  must be o rgan ized  o r  brought in to  accord 
w ith  p rev ious understand ings. The m ental comparison p rocesses n o t only 
organize an in d iv id u a l 's  understand ings by m odifying the  p rev io u sly  
e x is t in g  m ental s tru c tu re s  as n ecessa ry , b u t a lso  g rad u a lly  develop h ig h e r 
q u a li ty  thought p ro cesses as w e ll .  C erta in  a s s im ila t io n s ,  th e re fo re , are 
d e s ira b le  s in ce  they lead  th e  s tu d e n t to  accommodate and i n i t i a t e  an 
in terdependen t sequence o f m ental reo rg a n iza tio n s  which a lso  h e lp  develop 
the  s tu d e n t 's  a b i l i t y  to  th in k .
One o f the  b a s ic  te n e ts  o f  P ia g e tia n  le a rn in g  theory  i s  th a t  a 
co ncrete  o p e ra tio n a l s tu d e n t cannot a s s im ila te  d a ta  un less  i t  i s  co n c re te , 
i . e .  r e a l  o b je c ts  o r  ex p erien ces.^^  I f  th e  s tu d e n t does n o t a s s im ila te , 
then  d is e q u il ib ra t io n s  w i l l  no t occur. S ince th e  g re a t  m ajo rity  o f s tu ­
dents in  grades K-12 a re  concre te  o p e ra tio n a l,^ ^  th e  P iag e tian  sc ien ce  
te a c h e r  must th e re fo re  s e le c t  and prov ide  co n cre te  experiences from th e  
d is c ip l in e  o f  sc ien ce  which a re  ap p ro p ria te  fo r  p ro v id in g  d e s ira b le  
d is e q u i l ib r a t io n s .
In  view o f  the  tim e re q u ire d  to  p rov ide  co ncrete  experiences to  
each s tu d e n t, every th ing  from a d is c ip l in e  such as b io logy  cannot be 
included  in  any one p a r t ic u la r  co u rse . The te a c h e r  using  concrete  
in s tru c t io n a l  procedures must c a re fu lly  decide what s p e c if ic  co n ten t to
1 Q
John L. P h i l l ip s ,  J r . ,  The O rigin  o f  I n t e l l e c t ; P ia g e t 's  
Theory, Second E d ., (San F ran c isco : W.H. Freeman & Co. ,  1975), p . 152.
20 John W. Renner, e t .  a l , .  R esearch, Teaching, and Learning 
w ith  th e  P iag e t Model, (Norman, Oklahoma: U n iv e rs ity  o f  Oklahoma P re ss ,
1976), pp. 90-109.
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have th e  s tu d en ts  in te r a c t  w ith .and  th in k  about. These re p re se n ta tiv e  
id eas  a re  judged by th e  fo llow ing  c r i t e r i a :
1. Any id ea  chosen fo r  classroom  in v e s t ig a t io n  must be one in  
which th e  le a rn e r  i s  "given th e  chance to  so lve problem s, to  co n jec tu re , 
to  q u a r re l ,  as th ese  a re  done a t  the  h e a r t  o f  th e  d i s c i p l i n e . T h e  
reason fo r  th i s  i s  th a t  a c t i v i t i e s  such as th ese  n o t only r e f l e c t  the 
d is c ip l in e  o f sc ience  b u t a lso  develop the  r a t io n a l  powers. In the words 
o f  th e  Oklahoma Curriculum  Improvement Commission,
Science i s  a  n a tu ra l  v eh ic le  w ith which to  develop a 
c h i ld 's  a b i l i t y  to  th in k  o b je c tiv e ly . In  o rd e r  to  accomp­
l i s h  t h i s  g o a l, however, th e  emphasis in  sc ience teach ing  
must s h i f t  from th e  teach in g  o f " fa c ts "  to  th e  development 
o f a c h i ld 's  a b i l i t y  to  observe c a re fu l ly ,  c o l le c t  informa­
t io n ,  and draw lo g ic a l  in fe re n c e s . In o th e r  words, the 
c h ild  acq u ires  h i s  s c i e n t i f i c  in form ation  only through 
h is  own powers o f  ob serv atio n  and in d u c tiv e  i n f e r e n c e . ^2
•2. Theories and m athem atical c o n s tru c ts  must have th e i r  ro o ts  in
the le a r n e r 's  p r io r  p e rso n a l in v e s tig a tio n s . In  o th e r  words, the le a r n e r 's
involvement w ith  the  s u b je c t m a te r ia ls  has to  p rov ide  him w ith th e  m ental
s tru c tu re s  needed fo r  any th e o r e t ic a l  work.
Assuming th a t  an in s t r u c to r  w ishing to  use concrete  in s tru c t io n a l
techniques has judged a p a r t ic u la r  id ea  to  be re p re se n ta tiv e  and wants
h is /h e r  s tu d en ts  to  develop understandings o f i t ,  he o r  she may then i n i t i a t e
th a t  s p e c if ic  approach known as th e  lea rn in g  c y c le , which i s  based upon the
P ia g e tia n  concepts o f a s s im ila tio n , accommodation, and o rg an iza tio n .
21
Jerome S. B runer, Toward a Theory o f I n s t r u c t io n , (Cambridge, 
M assachusetts; Harvard U n iv e rs ity  P re ss , 1966), p . 155.
Oklahoma Curriculum  Improvement Commission, op. c i t . , p.  1.
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Phase one o f th e  lea rn in g  cycle  encourages the  e n t i re  c la s s  to  
in te r a c t  w ith  s p e c if ie d  m a te ria ls  and ex p erien ces. H iis i s  time s e t  a s id e  
fo r  p e rso n a l a s s im ila tio n s  by each s tu d e n t. During th i s  tim e, th e  te a ch e r  
p rov ides a minimum o f  in s tru c t io n ,  although continuously  m aintain ing  s a fe ty  
as a prime co n s id e ra tio n . I f  the te a c h e r  has provided a s u ita b le  env iron­
ment fo r  th e  group, th e re  w i l l  be a t  l e a s t  one p o te n t ia l ly  d is e q u il ib ra t in g  
observation  which i s  l ik e ly  to  be n o tic e d  by most o f  the  c la ss  members.
In  f a c t ,  t h i s  i n i t i a l  tim e o f  ex p lo ra tio n  i s  valuab le  fo r  th re e  
reasons. F i r s t ,  i t  g ives each s tu d en t an o p p o rtu n ity  to  develop confidence 
in  h is /h e r  a b i l i t y  to  in v e s tig a te  w ith  any u n fa m ilia r  m a te r ia ls . Second, 
i t  p rov ides each s tu d en t an opportun ity  to  id e n t i fy  p erso n a l anomalies about 
the  n a tu ra l  phenomena being in v e s tig a te d  and to  d is e q u i l ib r a te .  T hird , 
through h is /h e r  own e q u il ib ra tio n  p rocesses and through s o c ia lly  in te ra c t in g  
w ith  the  o th e r  s tu d e n ts , the  s tu d en t may begin  to  accommodate some m ental 
s tru c tu re s  about th e  re p re se n ta tiv e  id ea .
A fte r  a s u ita b le  amount o f ex p lo ra tio n  tim e, the s tu d en ts  reach a 
p o in t where they  need an o rgan iz ing  id ea  fo r  the  inform ation they have 
a ss im ila te d . This second phase o f the le a rn in g  cycle i s  o ften  r e fe r r e d  to  
as conceptual in v en tio n  s in c e , a t  some p o in t  during th e i r  e x p lo ra tio n s , one 
o r more s tu d en ts  may spontaneously accommodate o r  in v en t th e i r  own explana­
t io n s  fo r  t h e i r  d is e q u il ib ra tin g  ex p erien ces. During th i s  tim e, th e  teach e r 
may suggest a way o f  p re sen tin g  d a ta  which th e  s tu d en ts  have gathered  o r 
focus th e  c la s s  d iscu ssio n  on p a r t ic u la r  hypotheses from various s tu d en ts  
but does not r e j e c t  any r a t io n a l  e s^ la n a tio n s  from any o f the s tu d e n ts . 
Again, in  concrete  in s tru c t io n , i t  i s  th e  development o f thought p rocesses 
which i s  more im portan t than the development o f any c u rre n tly  accepted  o r
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t e x t  e :g la n a t io n . The co ncre te  te ac h e r  encourages as many s tu d en ts  as 
p o ss ib le  to  accommodate o r in v en t ideas fo r  them selves. Whether o r  not 
any s tu d en t makes th e  prim ary conceptual in v en tio n , however, th e  te ac h e r  
may then m eaningfully  ex p la in  the  concept and a ss ig n  th e  p ro p er language 
to  i t .
One d is t in g u is h in g  f a c to r  o f  th i s  in s t r u c t io n a l  approach i s  th a t  
the  p roper language fo r  each concept i s  in tro d u ced , u su a lly  by th e  teach er, 
a f t e r  th e  s tu d en ts  have experienced the concept. This common language 
allow s th e  s tu d en ts  to  b e t t e r  communicate t h e i r  understand ings o f  the  
concepts w ith  each o th e r  and thus promotes the  o rg a n iza tio n  o f new 
concepts in  r e la t io n  to  p rev ious understand ings.
During th e  expansion o f the  idea  phase o f  th e  le a rn in g  c y c le , 
the  te a ch e r  p rov ides fu r th e r  o p p o rtu n itie s  fo r  th e  s tu d en ts  to  t e s t  the 
v a l id i ty  o f th e i r  v ario u s  conceptual in v en tio n s  in  co n tex ts  o th e r  than 
those s i tu a t io n s  which were used to  develop th e  i n i t i a l  understand ings.
As th e  s tu d en t a s s im ila te s  new concrete  experiences and m a te r ia ls ,  new 
d is e q u il ib ra tio n s  r e s u l t  and prev ious exp lanations may have to  again  be 
m odified in  o rd er to  accommodate th e  a d d itio n a l d a ta . I t  may thus be 
seen th a t  th e  concrete  in s tru c t io n a l  p rocess i s  an ongoing cycle  o f 
a s s im ila tio n , accommodation, and o rg an iza tio n  which r e f l e c t s  the n a tu re  
o f both sc ience  and th e  le a rn in g  p rocess w hile producing co g n itiv e  de­
velopment, th e re fo re ,  the  name lea rn in g  cyc le .
F igure 3-1 p re se n ts  a l i s t  o f  the  s p e c if ic  fu n c tio n s  o f  th e  







TEACHER AND LEARNER FUNCTIONS IN AN INQUIRY-CENTERED CLASSROOM' 
Teacher Learner
1. Provides m a te r ia ls  from en v i-  Explores m a te ria ls
ronment and e s ta b lis h e s  m ini­
mal g u id e lin es  fo r  ex p lo ra tio n
2 . Q uestions le a rn e rs  in d iv id u a lly  
to  g ive d ire c t io n s ;  l i s t e n s  and 
observes
3. Asks fo r  re p o r t  from c la s s ,  and 





In v e s tig a te s  observed 
phenomena
4 . Asks q u es tio n s  concerning 
meaning o f  d a ta
5. Q uestions c la s s  concerning how 
hypotheses concerning p a t te rn s  
can be te s te d
6. Asks fo r  r e p o r t  o f  t e s t s .  Pro­
v ides la b e ls  fo r  concepts devel­
oped in  e x p lo ra tio n ; encourages 
use o f  eye o f  mind ( i . e . .  What 
do you see in  your mind?) to  
c o n s tru c t a model fo r  explana­
t io n  o f  p a t te r n s ;  d iscu sses  
model(s) p re se n tly  in  wide­
spread  acceptance
Reports r e s u l t s  o f  
in v e s tig a tio n s  and /o r 
o b serva tions
Searches fo r  p a t te rn s  o r 
g e n e ra liz a tio n s  in  d a ta ; 
proposes hypotheses
Proposes experim ents and 
t e s t s  hypotheses ; observes 
and reco rds r e la te d  d a ta
D iscusses concept o r  model 







Provides m a te r ia ls  f o r  concept 
o r  model expansion
Q uestions concerning in te rc o n ­
cep t r e la t io n s h ip s  and t h e i r  r e ­
la tio n sh ip s  to  o r ig in a l  m a te ria ls  
provided
Enlarges concept o r  model 
through ex p lo ra tio n s  guided 
by model o r concept
Grasps in te rc o n ce p t r e la t io n ­
sh ip s  and f i t s  in to  developing 
s tru c tu re  o f  major conceptual 
scheme and doing so uncovers 
ano ther m issing  p iece  in  the 
conceptual puzzle  and th e  ex­
p lo ra tio n  begins again
John W. Renner, Don G. S ta ffo rd , and W illiam  B. Ragan, Teaching 
Science in  th e  Elem entary School, Second E d itio n , (New York: Harper & Row, 
1973), p . 113.
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There are  tim es in  th e  le a rn in g  cy c le  when the  te a c h e r  does 
p rovide in fo rm atio n , exp la in  d a ta , o r  in v e n t concep ts. However, the 
le c tu re  in  th i s  mode o f  in s tru c t io n  i s  used p r im a r ily  to  summarize 
whatever d a ta  th e  s tu d en ts  have gen era ted , r e d i r e c t  m istakes in  th e i r  
lo g ic ,  o r  g ive encouragement. The s tu d e n t i s  always c h a ra c te r iz e d  in  
th e  le a rn in g  cycle as an a c tiv e  p a r t ic ip a n t  in  ex p la in in g  h is  own 
ex p erien ces .
Formal In s tru c t io n a l  Procedures
Formal in s t r u c t io n ,  on the o th e r  hand, uses t r a d i t io n a l  d id a c tic  
ex p o s itio n  o f an exhaustive  body o f  concep ts . This trea tm en t i s  sometimes 
re fe r re d  to  as th e  le c tu re -d em o n s tra tio n  method f o r  sc ience  c la s se s  s ince  
th e  in s t r u c to r  may u t i l i z e  dem onstrations o f  experim ents as w ell as simply 
le c tu re  about a body o f  concepts. Such dem onstra tions, however, are  done 
by th e  te a ch e r  o r  a s tu d e n t v o lu n te e r , and, as th e  name su g g ests , "demon­
s t r a te "  th e  v a l id i ty  of a concept which has p re v io u s ly  been exp la ined  in  
some form o f  ex p o s itio n .
L ecture-dem onstration  methods may be r e fe r re d  to  as formal
in s t ru c t io n a l  procedures because they  o p e ra te  on th e  assum ption th a t
th e  s tu d en ts  involved are  capable o f  a s s im ila tin g  p re p o s it io n a l da ta
and using  p o s tu la to ry -d e d u c tiv e  reasoning  system s w ith  such d a ta  to
achieve understandings o f any d e s ired  concept. P ia g e t 's  theory  says
24th a t  only formal o p e ra tio n a l s tu d en ts  can do t h i s .
^^Phillips, op. cit., p. 134.
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In  form al in s t r u c t io n ,  concepts which s tu d en ts  have a d i f f i c u l t  
tim e understanding  acre made more a c c e ss ib le  w ith  p ic tu r e s ,  diagram s, 
ex p lan a tio n s  o f  analogous s i tu a t io n s ,  work sh e e ts ,  and read ing  assig n ­
m ents, in  a d d itio n  to  th e  aforem entioned la b o ra to ry  dem onstrations.
However, la b o ra to ry  dem onstrations are  used in fre q u e n tly  because o f th e i r  
time-consuming n a tu re . They are  p r im a rily  used fo r  b u ild in g  an apprecia­
t io n  o f the  working co n d itio n s  o f  a  s c i e n t i s t  w hile p rov id ing  a  "prop" 
to  b e t t e r  ex p la in  a  few d i f f i c u l t  concepts.
The ro le  o f th e  teach e r in  form al in s t r u c t io n a l  procedures i s  
predom inantly  one o f th e  a u th o r ity  who, a f t e r  s e le c t in g  th e  concepts to  
be lea rn ed  in  any p a r t ic u la r  c la s s ,  then tra n sm its  them in  th e  l e a s t  
time-consuming manner, which i s  u su a lly  a le c tu r e .  The ro le  o f  the 
s tu d en t in  formal in s tru c t io n  i s  u su a lly  th a t  o f  th e  p ass iv e  re c e iv e r  
o f  the  co n ten t which the  teach e r tra n sm its .
In  general i t  should be noted  th a t  the  f i r s t  con ten t the  teach er 
tra n sm its  in  form al instxruction i s  th e  concept la b e l .  The teach er then 
uses th i s  language to  exp la in  the  concept, assuming, once again , th a t  the 
s tu d en ts  can a s s im ila te  p re p o s itio n a l d a ta  and understand  concepts defined  
in  texrms o f o th e r  concep ts, both o f which are  form al o p e ra tio n s .
In  c o n tra s t ,  i t  should again  be noted  th a t  le a rn in g  cycle in s tru c ­
t io n  in troduces the ap p ro p ria te  concept la b e ls  a f t e r  th e  s tu d en ts  have had 
ample o p p o rtu n itie s  to  d efine  o r  inven t th e  s e le c te d  concepts through th e i r  
own hands-on experiences w ith concrete  o b je c ts . Here concept language is  
p r im a rily  a to o l w ith  which s tu d en ts  can communicate and organize under­
stand ings th ey  have a lread y  reached.
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In s tru c t io n a l  Comparison on a Sample Concept 
As a sh o rt example which c o n tra s ts  the  two teach in g  m ethodologies, 
assume th a t  both types o f  teach ers  wish t h e i r  s tu d en ts  to  know the  values 
fo r  the  normal human body tem perature in  both degrees F ahrenheit and 
C e ls iu s . The formal in s t ru c t io n a l  te ac h e r  would simply t e l l  the s tu d e n ts , 
"Normal body tem perature i s  9 8 .6 'F  o r  37*C." A d d itio n a lly , he might t e l l  
them th a t  t h e i r  p erso n a l tem peratures may vary somewhat and do change 
s l ig h t ly  during th e  day. F in a lly , he m ight dem onstrate th i s  p o in t w ith a 
thermometer to  show them the in form ation  i s  c o r re c t .  The s tu d e n ts ' prim ary 
r e s p o n s ib i l i ty  i s  to  memorize the  in form ation  and id e n t i fy  i t  on a m u ltip le  
choice o r  f i l l - in - th e - b la n k  w r itte n  assignm ent.
In  o rd e r fo r  the  concrete  in s tru c t io n a l  te ac h e r  to  have the 
s tu d en ts  in v en t th ese  concepts about body ten p e ra tu re  fo r  them selves, the 
te a c h e r  would begin th e  ex p lo ra tio n  phase by having a l l  th e  s tu d en ts  mea­
su re  t h e i r  own p erso n a l body tem peratures using thermometers showing both  
*F and *C s c a le s . Most s tu d en ts  would d is e q u i l ib ra te  over th e i r  fin d in g  
th a t  t h e i r  p erso n a l te irçe ra tu re  readings were n e i th e r  the  9 8 .6 'F  they  had 
memorized from some prev ious sc ience c la s s  nor th e  same values as th e i r  
f r ie n d s . The teach er would have them continue t h e i r  ex p lo ra tio n  by again 
tak in g  t h e i r  body tem peratu res, b u t th i s  time using  d i f f e r e n t  thermometers. 
Again they  would probably d is e q u i l ib ra te  over t h e i r  f in d in g  th a t  the two 
d i f f e r e n t  thermometers gave d i f f e r e n t  v a lu es .
Although some s tu d en ts  may spontaneously in v en t the  idea  th a t  
98.6 'F  i s  th e  average o f th e  tem peratures o f many people when measured 
on many d i f f e r e n t  therm om eters, th e  in s tru c to r  would promote th is  accomo­
d a tio n  by having everyone in  the c la s s  p u t h is /h e r  in d iv id u a l tem perature
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read ings in  a d a ta  l i s t  on th e  chalkboard. S tudents would then  be d ire c te d  
to  average th ese  values them selves which would h e lp  them to  accommodate the 
98.6'P/37*C normal body tem perature concept.
To expand upon th i s  id e a , th e  s tu d en ts  would fu r th e r  be d ire c te d  
to  tak e  t h e i r  tem peratures a t  sev e ra l tim es during th e  fo llow ing  day and 
reco rd  them to  share w ith  th e  c la s s .  The combined c la s s  d a ta  would show 
a p a tte rn  whereby the normal tem perature would be seen to  r i s e  and f a l l  
during  the  day. As a r e s u l t  o f  having m entally  organ ized  th e  tem perature 
f lu c tu a tio n s ,  th e  co ncrete  in s t r u c t io n a l  s tu d e n t would n o t only have 
developed h is  co g n itiv e  p ro ce sse s , b u t a lso  lea rn ed  the same concepts in  
a p erso n a l way.
Sample w orksheets in  which th i s  concrete  le a rn in g  cycle  has been 
in te g ra te d  in to  a u n it  on v ario u s  measurements a re  p re sen ted  in  Appendix A. 
Samples o f some form al in s t r u c t io n a l  w orksheets fo r  the measurement u n it  
a re  likew ise  p re sen ted  in  Appendix B.
The Design o f th e  Study
This in v e s tig a tio n  used th e  p r e te s t - p o s t te s t  c o n tro l group 
design  to  experim en tally  determ ine th e  n a tu re  o f th e  re la tio n s h ip s  
among M-power, co g n itiv e  development, teach ing  methodology, and 
achievement in  se le c te d  b io logy  co n ten t.
D iffe re n t in s t ru c to r s  obviously  develop d i f f e r e n t  a t t i tu d e s  
regard ing  th e  b e s t  in s t r u c t io n a l  m ethodologies fo r  ach iev ing  th e  goals 
o f  education , even when they  agree upon those  g o a ls . Because o f th ese  
a t t i tu d e s ,  i t  i s  d i f f i c u l t  to  p re c is e ly  co n tro l the  te a ch e r  p e rso n a li ty  
v a r ia b le  in  th e  im plem entation o f  experim ental teach ing  tre a tm e n ts .
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A te a c h e r  who i s  committed to  co ncrete  in s t r u c t io n a l  methods may
u n in te n tio n a lly  b ia s  h is  im plem entation o f a  form al in s t r u c t io n a l
method. L ikew ise, th e  fo rm a lly -o rien te d  te ac h e r  may no t be ab le  to
25p ro p erly  implement a concrete  in s tru c t io n a l  tre a tm e n t. Schneider 
found the  tendency to  b ia s  in s t ru c t io n  toward h is  own philosophy to  
be a r e a l  problem in  the  study in  which he endeavored to  sim ultaneously  
teach  h is  experim ental group co n cre te ly  and h is  c o n tro l group form ally .
To p rec lude  th i s  p o s s ib i l i ty  in  th e  p re se n t s tu d y , th i s  in v e s t i ­
g a to r , who i s  p h ilo so p h ic a lly  committed to  co n cre te  in s t ru c t io n a l  tech ­
n iques, and h is  ad v iso r decided to  ask a t r a d i t io n a l ly - o r ie n te d  te a c h e r  
to  in s t r u c t  th e  c o n tro l group w ith  form al methods. The te a c h e r  so 
se le c te d  was a lso  an in s t r u c to r  in  the same b u ild in g  as the  in v e s t ig a to r  
and vo lu n teered  to  tak e  an a c tiv e  and ongoing p a r t  in  th e  re sea rch .
Two months b e fo re  the  p r o je c t  began, the  in v e s t ig a to r  asked the  
te a c h e r  using  form al methods to  s e le c t  the  co n ten t and i t s  o rd e r o f  
p re se n ta tio n  fo r  th e  p ro je c t  y ea r. During a s e r ie s  o f d iscu ss io n s  w ith 
th e  in v e s t ig a to r ,  th e  cooperating  te ac h e r  s p e c i f ic a l ly  id e n t i f ie d  from 
each co n ten t u n i t  those  concepts which he p lanned to  te a c h . The in v e s t i ­
g a to r nex t s e le c te d  re p re s e n ta tiv e  concrete  and form al concepts from 
those concepts which th e  form al in s t r u c to r  had l i s t e d .  The in v e s tig a to r  
then adapted h is  in s tru c t io n  so as to  co n cre te ly  teach  th e  re p re se n ta tiv e  
concrete  and form al concepts in  the  same o rd e r  o f p re se n ta tio n  and w ith in
...............L iv ingston -S v  S chneider/ R e la tio n sh ip s  -Between- Concrete and
Formal- In s tru c t io n a l- -Procédures' and Content-Achievem ent, I n te l l e c tu a l  
Development, and Learner I . Q . ,  Unpublished D octoral D is se r ta t io n , 
U n iv e rsity  o f Oklahoma, 1977, pp. 13-14.
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a p a r a l le l  tim e frame as th e  lesso n  sequence p rev io u s ly  s e le c te d  by the  
form al in s t r u c to r .
The form al in s t r u c to r  a lso  fu rn ish ed  th e  in v e s t ig a to r  w ith 
samples o f h is  1978-79 w orksheets and t e s t s  fo r  each ch ap te r, ex p la in in g  
in  d e ta i l  what co n ten t he ty p ic a l ly  emphasized in  h is  le c tu r e s .  During 
th e  p ro je c t  y e a r , 1979-80, he fu r th e r  made a co n sc ien tio u s  e f f o r t  to  avoid  
d ev ia tin g  from those  le sso n  p lan s  and w orksheets in  any s ig n i f ic a n t  manner. 
In view o f th a t  te a c h e r 's  e f f o r t s  p lu s  th e  f a c t  t h a t  h is  w orksheets and 
te x t  assignm ents alone c o n s ti tu te d  an es tim ated  se v e n ty -f iv e  p e rce n t o f  
h is  ty p ic a l  c la s s  hour, th e  view o f the in v e s t ig a to r  was th a t  the  e f f e c ts  
o f  the  d iffe re n c e s  between th e  two te a c h e rs ' p e r s o n a l i t ie s  were minimized.
A ty p ic a l  p e r io d  fo r  the  form al c la s se s  co n s is te d  o f one o r  more 
o f th e  fo llow ing: (1) th e  s tu d en ts  tak in g  no tes  from the t e x t  v ia  f i l l -
in -th e -b la n k  w orksheets, (2) th e  s tu d en ts  study ing  and memorizing a 
vocabulary l i s t  o f  concepts from the te x t  ch a p te r , (3) the  s tu d en ts  ta k in g  
n o tes over a f i lm s tr ip  o r  f ilm  e:q)la in ing  some id ea s  from the  con ten t 
a re a , o r  (4) th e  s tu d e n ts  l i s te n in g  as th e  te a c h e r  e iig lained  in  more 
d e ta i l  those  concepts they  judged to  be d i f f i c u l t  to  understand . Many 
sh o rt film s were shown to  supplement the  t e x t ,  b u t few la b o ra to ry  demon­
s tr a t io n s  were prov ided . The m ajo rity  o f the  s tu d e n ts  d id  n o t m anipulate 
any lab o ra to ry  m a te r ia ls  on a re g u la r  b a s is  o r  perform  experim ents.
In s te a d , th e  te ac h e r  sim ply to ld  the  s tu d en ts  th e  r e s u l t s  o f  s e le c te d  
experim ents r e fe r re d  to  in  th e  te x t .  With a l l  th e se  v ario u s  a c t i v i t i e s ,  
a g re a t d ea l o f  r e p e t i t io n  was involved w ith  th e  in te n t  o f  re in fo rc in g  
th e  s tu d e n ts ’ memory and understanding  o f th e  course co n ten t.
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Worksheets o f  f i l l - in - th e - b la n k  questions d i r e c t ly  r e la t in g  to  
the  t e x t  read ing  assignm ents were the  p re fe r re d  ro u tin e  fo r  th i s  in s t r u c to r .  
Each o f  th ese  ty p ic a l ly  re q u ire d  two to  th re e  c la s s  p e rio d s  to  coitplete 
and were done co n cu rren tly  w ith  read ing  assignm ents from th e  te x t .  In 
many ca se s , th e  answers cou ld  be found as d i r e c t  quotes from the  te x t  
in  o rd e r  to  encourage th e  s tu d en ts  to  read  the assignm ents c a re fu lly . 
S tudents were d iscouraged  from sh arin g  such answers w ith  each o th e r  bu t 
were encouraged to  ask th e  in s t r u c to r  fo r  a s s is ta n c e  w ith  a reas  un c lear 
to  them.
Because o f  th e  len g th s  o f  the  w orksheets, s tu d en ts  would work on 
th ese  about fo r ty  m inutes each day and then have a sh o rt f ilm , f i lm s tr ip ,  
o r le c tu re  to  re in fo rc e  th e  con ten t a re a . Upon com pletion o f  each s e t  o f  
w orksheets, a le c tu re  review  was provided  by the te a c h e r . S tudents were 
then  given a co n ten t achievem ent exam ination b efo re  the  n ex t s e t  o f  work­
sh ee ts  and t e x t  assignm ents were begun.
A ty p ic a l  c la s s  p e rio d  fo r  th e  concrete  in s t r u c t io n  c la s se s  v a ried  
according to  which phase o f  the lea rn in g  cycle  s tu d en ts  were experiencing . 
During th e  ex p lo ra tio n  phase o f  the le a rn in g  cy c le , s tu d en ts  were u su a lly  
provided w ith  concrete  m a te r ia ls  and a sequence o f  w r itte n  handouts. In 
c o n tra s t  to  formal handouts, however, th ese  sh ee ts  provided g u id e lin es  fo r  
help in g  the s tu d e n ts  observe , m easure, e3q>eriment, in t e r p r e t ,  p r e d ic t ,  o r 
b u ild  m ental models as th ey  p e rso n a lly  in te ra c te d  w ith  th e  se le c te d  concrete 
m a te r ia ls . CSee Appendix A) Such d ire c tio n  sh ee ts  d id  n o t e ^ l a i n  o r  give 
sp e c if ic  in form ation  about the d es ired  concept, b u t r a th e r  were designed 
to  s tim u la te  m ental d is e q u il ib ra t io n s  and help  p rovide th e  background o f 
concrete  experience which th e  s tu d en ts  needed to  e i th e r  in v en t the  concept
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them selves o r  understand i t  when i t  was l a t e r  inven ted  fo r  them. An average 
o f two to  th re e  pages o f th ese  handouts was u su a lly  found to  tak e  up a 
f u l l  p e rio d  fo r  most s tu d e n ts , so f a s te r  s tu d en ts  were encouraged to  work 
w ith  slow er s tu d e n ts . S tudents were encouraged not only to  work in  groups 
b u t a lso  to  share  w ith  each o th e r  concepts they  inven ted .
Upon com pletion o f th i s  ex p lo ra tio n  phase , th e  te ac h e r  exp lained  
the  prim ary conceptual in v en tio n  to  a l l  th e  s tu d en ts  and a ttach ed  a  name 
to  i t .  The s tu d en ts  were then  encouraged to  d iscu ss  the  understandings 
they  had developed, using  th is  concept la b e l ,  and r e la te  th is  concept 
back to  t h e i r  hands-on ex p lo ra tio n  a c t i v i t i e s .
Follow-up a c t iv i t i e s  were then  suggested  by s tu d en ts  o r by the 
teach er to  co n so lid a te  the  conceptual in v en tio n  and extend i t s  ap p lica ­
b i l i t y  to  o th e r  s i tu a t io n s .  Again th ese  expansion a c t iv i t i e s  ty p ic a l ly  
involved handouts which had the  s tu d en ts  comparing, observ ing , m easuring, 
in te rp re t in g ,  p re d ic tin g , o r  m odel-build ing  w ith  some new concrete 
experiences. This sequence i s  g ra p h ic a lly  shown in  F igure 3-2 .
Chronology of the Study 
This in v e s tig a tio n  was conducted over a tim e frame o f  more than 
e ig h t months, from September 3, 1979 to  May 16, 1980. S tudents assigned 
to  th e  concrete  in s tru c t io n  group met during  c la s s  p erio d s one, f iv e , and 
s ix .  Those s tu d en ts  rece iv in g  form al in s t ru c t io n  met during c la s s  p erio d s  
two, th re e ,  and fou r. One c la s s  p e r io d , fo u rth  hour, met an e x tra  f iv e  
m inutes each day due to  lunch schedu les. S tudents follow ed th e  same 
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A dm inistra tion  o f  p r e te s t s  m easuring c o g n itiv e  development and 
M-power was begun September 7, 1979 and p re te s t in g  was completed w ith in  
f iv e  days. Whenever p o s s ib le , th e se  t e s t s  were adm in istered  to  both  
in s tru c t io n  groups on th e  same day. She p o s t te s t in g  fo r  co g n itiv e  develop­
ment and M-power was begun on May 7, 1980 and was co itp leted  on May 16, 1980.
Content exam inations were given im m ediately fo llow ing each co n ten t 
u n i t .  S ince both  in s t r u c t io n a l  groups were s tudy ing  each co n ten t u n i t  a t  
a p a r a l l e l  r a te  and o rd e r  o f  p re s e n ta tio n , th ese  exam inations were admin­
is te r e d  on th e  same day to  a l l  c la s s e s .  S tudents absen t on th e  day o f  a 
p a r t ic u la r  con ten t exam ination were allow ed to  make up th ese  t e s t s  fo r  
grading  purposes, b u t t h e i r  sco res  were n o t used fo r  s t a t i s t i c a l  an a ly ses . 
The f i r s t  co n ten t exam ination was ad m in istered  December 12, 1979, the 
second on March 11, 1980, and th e  t h i r d  on May 6 , 1980.
In s tru c tio n  fo r  t h e .concre te  in s t r u c t io n a l  group began on 
September 3, 1979 and continued  through May 5, 1980, w ith  the excep tion  
o f weekends and school h o lid a y s . The procedures used were c o n s is te n t 
w ith  th e  le a rn in g  cycle  d esc rib ed  p re v io u s ly . Formal in s tru c t io n  began 
and ended w ith in  th e  same tim e frame as concrete  in s t ru c t io n .
S t a t i s t i c a l  C onsidera tions fo r  Each Subproblem 
Subproblem One
The f i r s t  subproblem was to  determ ine whether a  p o s it iv e  c o rre ­
la t io n  e x is ts  between M-power sco res and success on P ia g e tia n  ta sk  s c o re s , 
as p re d ic te d  by the  C ognitive A nalysis P r o je c t 's  w r itte n  index o f co g n itiv e  
development.
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The Data Needed. The d a ta  needed fo r  th e  so lv in g  o f  subproblem 
one were (a) th e  s tu d en ts  raw sco res on th e  t e s t s  o f  M-power and (b) th e  
same s tu d e n ts ' corresponding P ia g e tia n  ta sk  sc o re s , d e fin ed  as the  El 
sco res  generated  by th e  CAP w r itte n  instrum ents in  com bination w ith  the  
GEFT.
The Treatment o f  th e  D ata. A Pearson product-moment c o r re la t io n  
was ob ta ined  by using  th e  two sco res fo r  each s tu d e n t in  the raw score 
form ula fo r  computing r.^® S t a t i s t i c a l  ta b le s  were then  co n su lted  to  
determ ine the  s ig n if ic a n c e  le v e l  o f  th e  ob ta ined  r .
Subproblem Two
The second subproblem was to  determ ine w hether p o s it iv e  co rre ­
la t io n s  e x is t  between M-power and success on q u es tio n s  invo lv ing  concrete 
and formal b io logy  co n ten t.
The Data Needed. The d a ta  needed fo r  th e  so lv in g  o f  subproblem 
two were (a) th e  s tu d e n ts ' sco res  on one o r  more t e s t s  o f  M-power and 
(B) th e  same s tu d e n ts ' corresponding scores on th e  th re e  in struc to r-m ade 
con ten t exam inations.
The Treatm ent o f  th e  D ata. Pearson product-moment c o r re la tio n s
were ob ta ined  fo r  each co n ten t exam ination by using  th e  achievement and
M-power sco res fo r  each s tu d e n t w ith  the raw score  form ula fo r  computing 
27r .  S t a t i s t i c a l  ta b le s  were then  consu lted  to  determ ine th e  s ig n if ic an ce  
le v e l  o f  th e  ob ta ined  r  v a lu e s .
^®N.M. Downie and R.W. H eath, Basic S t a t i s t i c a l  Methods, (New York: 




The th i r d  subproblem was to  determ ine w hether 14-16 year o ld  
su b je c ts  tau g h t Biology I  co n cre te ly  have a p a t te rn  o f  growth in  M-power 
d i f f e r e n t  from su b je c ts  tau g h t b io logy fo rm a lly .
The Data Needed. The d a ta  needed fo r  th e  so lv in g  o f subproblem 
th re e  were (a) th e  M-power p r e te s t  and p o s t t e s t  sco res fo r  each s tu d en t 
in  th e  group experiencing  concrete  in s tru c t io n  and (b) comparable M-power
sco res fo r  s tu d en ts  in  th e  group experiencing  formal in s tru c t io n .
28The Treatm ent o f th e  D ata. The S tu d e n t's  t - t e s t  was then 
employed to  determ ine w hether the  mean gains in  M-power fo r  th e  e :jçe ri-  
m ental group d if f e re d  from the  mean ga ins in  M-power fo r  the  co n tro l 
group.
Subproblem Four
The fo u rth  subproblem was to  determ ine w hether 14-16 year o ld  
su b je c ts  who a re  tau g h t b io logy  co n c re te ly  have a p a t te rn  o f  cogn itive  
development d i f f e r e n t  from su b jec ts  tau g h t b io logy  form ally .
The Data Needed. The da ta  needed fo r  th e  so lv in g  o f  subproblem 
four were (a) th e  co g n itiv e  development p r e te s t  and p o s t te s t  sco res fo r 
each s tu d en t in  th e  group experiencing  concrete  in s tru c t io n  and (b) com­
p a rab le  co g n itiv e  development scores fo r  s tu d en ts  in  th e  group experienc­
ing  formal teach in g .
The Treatm ent o f th e  D ata. The S tu d e n t's  t - t e s t  was then 
employed to  determ ine whether the mean gains in  co g n itiv e  development fo r
ZBibid, p. 178.
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th e  e :^ e riin en ta l group d iffe re d , s ig n if ic a n t ly  from th e  mean gains in  
cogn itive  development fo r  the  co n tro l group.
Subproblem Five
The f i f t h  subproblem was to  determ ine w hether 14-16 year o ld  
su b jec ts  tau g h t Biology 1 co n cre te ly  have a p a t te rn  o f achievement on 
s p e c if ie d  concrete  and form al b io logy  concepts d i f f e r e n t  from th a t  o f  
su b jec ts  tau g h t b io logy  fo rm ally .
The Data Needed. The d a ta  needed fo r  th e  so lv in g  o f subproblem 
f iv e  were (a) concrete  and form al b io logy concept achievement sco res fo r  
each s tu d en t in  th e  group experiencing  concrete  in s t r u c t io n  and (b) com­
p arab le  concrete  and form al b io logy concept achievement sco res fo r  
s tu d en ts  in  th e  group experiencing  form al in s t r u c t io n .
The Treatment o f  th e  Data. The S tu d en t’s t - t e s t  was then 
eitç)loyed to  determ ine w hether the  mean achievement sco res on concrete 
o r  formal b io logy  concepts fo r  th e  experim ental group d if fe re d  s ig n i f i ­
can tly  from th e  mean achievem ent scores on co ncre te  o r  form al b io logy 
concepts fo r  the  co n tro l group.
Upon fin d in g  s ig n i f ic a n t  d iffe re n c es  between th e  mean performance 
le v e ls  o f th e  experim ental and co n tro l groups on th e  v a r ia b le s  concrete 
con ten t achievement and co g n itiv e  development, an a n a ly s is  o f  covariance 
was performed in  o rd e r to  s t a t i s t i c a l l y  co n tro l th e  in flu en c e  o f  the  
concom itant v a r ia b le  M-power on each o f  these  dependent v a r ia b le s  and then 
determ ine w hether co ncrete  lea rn in g  cycle in s tru c t io n  s t i l l  e f fe c te d  
s ig n if ic a n t ly  g re a te r  co ncrete  achievement and c o g n itiv e  development 
than foxnnal in s tru c t io n .
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D ecision E rro rs  and T h e ir  Consequences
E valua ting  th e  s ig n if ic a n c e  o f  d iffe re n c e s  between means involves 
a  judgment on th e  p a r t  o f  th e  re se a rc h e r  and anyone using  the  re sea rch  
f in d in g s . In  th i s  in v e s t ig a t io n , i t  has been p o s tu la te d  th a t  co n cre te ly  
tau g h t s tu d en ts  would show s ig n if ic a n t  gains in  co n ten t achievem ent and 
co g n itiv e  development, even a f t e r  ta k in g  in to  account the id ea  t h a t  M-power 
may p lace  r e s t r i c t io n s  on th e  co n ten t understandings o f s tu d e n ts  from both  
groups. In  reg ard  to  th i s  in v e s t ig a t io n , th en , committing a Type I  e r ro r  
would imply th a t  concre te  in s tru c t io n  produced th e  p o s tu la te d  ga ins in  
co g n itiv e  development and co n ten t achievement when, in  f a c t ,  i t  d id  not 
produce any e f f e c t .  The consequences o f  a Type I  e r ro r  m ight be a sw itch 
from formal in s tru c t io n  procedures to  th e  more expensive concre te  in s t ru c ­
t io n a l  methods.
On the  o th e r  hand, a Type I I  e r ro r  would in fe r  th a t  concrete
in s tru c t io n  d id  n o t produce any gains in  e i th e r  co g n itiv e  development o r
co n ten t achievement when, in  f a c t ,  i t  d id  produce a s ig n i f ic a n t  e f f e c t .
The consequences o f  a  Type I I  e r ro r  might be a f a i lu r e  to  sw itch to  a
teach ing  method th a t  n o t only enabled s tu d en ts  to  achieve s ig n if ic a n t ly
g re a te r  understandings o f th e  s tru c tu re  and co n ten t o f  b io logy  b u t a lso
29promoted th e  a b i l i t y  to  th in k , a s ta te d  c e n tra l  purpose o f  education .
Due to  th e  se rio u s  ed u ca tio n a l im p lica tio n s  in  committing a 
Type I I  e r r o r ,  the  le v e l  o f  s ig n if ic a n c e  used to  ev a lu a te  the fin d in g s  o f 
t h i s  re sea rch  should be generous. A p re c is e  le v e l  used to  predeterm ine
29Educational Policies Commission, op. cit., p. 12.
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s ig n if ic a n c e  was n o t s e t  by th e  in v e s t ig a to r .  R ather, th e  le v e l  to  which 
fin d in g s  were s ig n i f ic a n t  has been re p o rte d  so as to  allow  a g re a te r  
la t i tu d e  o f  in te r p r e ta t io n .
CHAPTER IV 
PRESENTATION OF RESULTS
Exclusion o f an In v a lid  Measure o f  M-Power 
One purpose o f  t h i s  in v e s tig a tio n  was to  determ ine w hether the  
M-power development o f n in th  and te n th  grade Biology I  s tu d en ts  was s ig ­
n i f ic a n t ly  a c c e le ra te d  by th e  use o f  concrete  in s t r u c t io n a l  tech n iq u es . 
Although th e  FIT was recommended by Case^ as th e  most s e n s i t iv e  group- 
adm in istered  t e s t  o f  M-power, th e  in v e s t ig a to r  decided to  a lso  adapt the 
BBS fo r  group a d m in is tra tio n  in  o rd e r to  minimize measurement e r ro r  o f 
th i s  new c o n s tru c t.
However, during  p r e te s t in g  th e  BBS was judged to  be in v a lid  fo r  
th i s  sample. In  th e  BBS, th e  su b je c t l i s t e n s  to  a s e r ie s  o f random d ig i t s ,  
m entally  rev e rse s  th a t  s e r ie s ,  and then w rite s  th e  rev ersed  s e r ie s  from 
l e f t  to  r ig h t  on an answer sh e e t. S tudents in  bo th  in s t ru c t io n a l  groups 
qu ick ly  re a l iz e d  w hile ta k in g  t h i s  p r e te s t  th a t  they could g e t th e  number 
s e r ie s  c o r re c tly  rev e rsed  by sim ply w ritin g  the  d ig i t s  from r ig h t  to  l e f t ,  
w ithou t th e  n e c e s s ity  o f  m entally  rev e rs in g  them a t  a l l .




The use o f t h i s  in c o r re c t  te s t - ta k in g  procedure would mean th a t  
th e  BDS would only  measure a s u b je c t’s sh o rt- te rm  memory in s te a d  o f  h i s /  
h er M-power. Since th e re  was no way to  be sure which s tu d e n ts ’ BDS te s t s  
had measured M-power and which studen ts*  t e s t s  had measured sh o rt- te rm  
memory, th e  in v e s t ig a to r  and h is  ad v iso r decided to  use th e  s tu d e n ts ’ 
scores on th e  F ig u ra i I n te r s e c t io n  T est as th e  only measures o f th e i r  
M-power.
P re trea tm en t E va lua tions o f  the Sample
Data were ga thered  in  t h i s  in v e s tig a tio n  which allowed p r e t r e a t ­
ment comparisons o f the  sample w ith  reg io n a l s tandards fo r  cogn itive
development. The CAP c la s s i f ie d  s tu d en ts  as being  concrete  o p e ra tio n a l
2
i f  they scored  from fo u r through e ig h t on the  CAP m easures. S tudents 
were lik ew ise  c la s s i f ie d  as being  t r a n s i t io n a l  from concrete opera tions 
to  formal o p e ra tio n s  i f  they  scored n ine  through eleven and formal opera­
t io n a l  i f  they scored  tw elve o r above on the CAP in c id e n ts .  P r e te s t  CAP 
sco res fo r  each s tu d en t sampled a re  p resen ted  in  F igures 4-3 and 4-4.
Based on th i s  c la s s i f ic a t io n  system , the percen tage o f sampled 
s tu d en ts  in  each o f th e  th re e  c a te g o rie s  was compared to  th e  percentages 
Renner^ ob ta in ed  by P ia g e tia n  ta sk - in te rv ie w s  w ith  188 n in th  and ten th  
grade s tu d en ts  from v ario u s  lo c a tio n s  in  the  s ta te  o f Oklahoma. Each
^John W. Renner, "The R ela tio n sh ip s  Between I n te l le c tu a l  Develop­
ment and W ritten  Responses to  Science Q uestions,"  Jo u rn a l o f Research in  
Science Teaching, Vol. 16, No, 4, 1979, pp. 284-293,
................^John W. Renner, e t ,  a l . ,  R esearch, Teaching, and Learning w ith
th e  P iag e t Model, (Norman, Oklahoma: U n iv ersity  o f Oklahoma, 1976), pp. 90- 
96.
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o f  th e  s tu d en ts  in  th a t  study was assigned  a p a r t ic u la r  P ia g e tia n  c l a s s i f i ­
c a tio n  based on h is  o r  h e r  e:5Ç )lanations o f  how to  so lve  th e  fo llow ing s ix
ta sk s  :
(1) Conservation o f  s o l id  amount
(2) Conservation o f  w eight
(3) Conservation o f  volume using  c lay
(4) Conservation o f  volume using  cy lin d e rs
(5) E lim ination  o f c o n tra d ic tio n s
(6 ) Exclusion o f i r r e le v a n t  v a r ia b le s .
In  view of th e  accepted  use o f th ese  ta sk s  as v a l id  measures o f co g n itiv e  
development, th e  percen tages ob ta ined  by Renner thus served as the  high 
school norms fo r  the  Oklahoma p o p u la tio n . Table 4-1 con tains a summary 
o f  th e  sa irp le 's  P ia g e tia n  p r e te s t  percen tages compared to  those norms.
TABLE 4-1
___________ PIAGETIAN CLASSIFICATION DISTRIBUTION OF STUDENTS_______________
9th  and 10th Grade In s tru c t io n  Sample
C la s s if ic a tio n  Oklahoma Hora.s= Concrets Formal O verall
Group Group Sample
F u lly  co n cre te - 
o p e ra tio n a l 78% 69% 63% 66%
T ra n s itio n a l 12% 28% 27% 28%
Form al-operational 10% 3% 10% 6%
Although th e  sample had a h ig h er percen tage o f t r a n s i t io n a l  o r 
p o s t-co n c re te  s tu d en ts  than might have been p re d ic te d  using the  norms, 
th e  combined p o rtio n  o f  the e n t i r e  sample which p re te s te d  below formal
^I b id , p . 93. 
S ib id , p . 97.
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o p e ra tio n a l was 94 p e rc e n t. This f ig u re  was q u ite  comparable to  th e  90 
p e rcen t p re d ic te d  from th e  popu la tion  as a whole.
S tu d e n t's  t - t e s t s  were used in  o rd e r to  determ ine any s ig n if ic a n t  
p re trea tm en t d iffe re n c e s  between th e  means o f  th e  two in s tru c t io n  groups 
regard ing  age, co g n itiv e  development, o r  M-power. The r e s u l t s  o f  th ese  
t e s t s  a re  p resen ted  in  Table 4 -2 . Tha a p p ro p ria te  raw scores fo r  each 
s tu d en t a re  a lso  p re sen ted  in  Tables 4-3 and 4 -4 . The c a lc u la te d  t - r a t i o  
fo r  each p re trea tm en t comparison led  to  th e  acceptance o f  the  n u ll  hypo­
th e s is  th a t  th e re  was no d iffe ren ce  between th e  p re trea tm en t means o f 
th e  in s tru c t io n a l  groups w ith  regard  to  age, co g n itiv e  development, and 
M-power.
TABLE 4-2
PRETEST t-RATIO COMPARISON 
OF THE INSTRUCTION GROUPS
P re te s t
Type
Concrete 
In s tru c tio n  
Mean S. Dev.
Formal 
In s tru c tio n  
Mean S. Dev. t d f. P
Age 
(in  months) 177.20 7.06 179.30 7.75 -1 .65 131 .1 0
CAP 9.07 1.23 9.32 1.53 - i . ' o i 117 .32
FIT 130 .05 •• 39.33 • • • 142.56 ■ • 39.12..... ■ —1 .83— 129 • .07
Pearson Product Moment C o rre la tio n s
Data were ga thered  in  t h i s  in v e s t ig a t io n  in  o rd e r to  t e s t  th i s  
in v e s t ig a t io n 's  f i r s t  two hypotheses, i , e .  th a t  c o r re la t io n s  e x is t  between 
M-power, pogn itive  development, Md achievement o f  exam ination q u estio n s 
invo lv ing  concrete  b io logy  concepts and formal b io logy  concepts.
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The raw sco res  f o r  each s tu d e n t a re  p re se n ted  in  Tables 4-3 and 
4-4. Columns la b e le d  "Pre" are  s tu d e n ts ' p r e t e s t  sco res  and columns 
lab e led  "Post" a re  s tu d e n ts ' p o s t te s t  sc o re s . Scores re p re se n tin g  each 
s tu d e n t 's  average achievem ent in  concrete  b io lo g y  concepts a re  rep o rted  
as Z sc o re s . Any sco re  which was n o t a v a ila b le  i s  in d ic a te d  on those  
ta b le s  w ith  an a s te r i s k  (*).
The c o r re la t io n  m atrix  in  Table 4-5 p re se n ts  a l l  th e  Pearson 
p roduct moment c o r re la t io n s  between the  v a r ia b le s  o f  age, p re -  and p o s t-  
co g n itiv e  developm ent, p r e -  and post-M -power, and co n ten t achievem ent.
Also p re sen ted  im m ediately below each c o r re la t io n  in  Table 4-5 a re  th e  
number o f  su b je c ts  sampled and th e  s ig n if ic a n c e  le v e l  fo r  the  c o r re la t io n . 
S ig n ifican ce  le v e ls  le s s  than  .001 are  re p o rte d  as .000,
The symbols used to  la b e l  th e  columns in  Table 4-5 a re  defin ed
below:
AgeM = Age in  months
PrCD = P r e te s t  fo r  co g n itiv e  development 
PoCD = P o s t te s t  f o r  co g n itiv e  development 
PrMP = P r e te s t  fo r  M-power 
PoMP = P o s t te s t  fo r  M-power 
CCÂ  = Concrete Concept Achievement, T est 1 
CCAg = Concrete Concept Achievement, T est 2 
CCAg = Concrete Concept Achievement, T est 3 
CCAg = Concrete Concept Achievement, Average Z 
FCA  ̂ = Formal Concept Achievement, T est 1 
FCAg = Formal Concept Achievement, T est 2 
FCA  ̂ = Formal Concept Achievement, T est 3 
FCAg = Formal Concept Achievement, Sum
TABLE 4-3






Concrete Achievement Formal Achievement 
1 2  3 Sum
t o. Months Pre P o st Change Pre P ost Change Raw Raw Raw Ave. Z Raw Raw Raw Rav
1 183 9.44 11.99 2.55 135 185 50 15 11 15 - .2 8 2 0 1 3
2 173 9.48 1 1 .0 2 1.54 38 33 -5 10 19 * - .4 0 2 1 * *
3 189 8.13 9.56 1.43 74 76 2 19 18 16 .46 2 0 0 2
4 169 7.27 * * 41 * * 13 16 * - .3 5 1 0 * *
5 185 9.54 10.59 1.05 157 * * 18 16 * .16 0 1 * *
6 179 * 11.09 * 155 145 -1 0 12 21 18 .32 3 1 1 5
7 185 7.84 9.22 1.38 70 54 -16 8 15 8 - 1 .1 0 0 1 1 2
8 176 8.29 9.49 1 .2 0 75 72 -3 15 25 14 .43 0 2 2 4
9 168 8.62 10.25 1.63 * 82 * 18 20 . 16 .51 1 0 1 2
10 187 11.08 11.93 .85 190 * * 22 19 • * .81 0 2 * *
11 181 * 13,31 * 194 196 2 25 25 19 1.50 2 1 4 7
12 177 10.28 11.99 1.71 188 225 37 19 25 20 1.18 4 3 2 9
13 181 8.53 * * 206 * * 14 10 10 - .8 1 1 1 4 6
14 180 9.80 1 1 .8 6 2.06 85 189 104 13 24 15 .32 1 2 1 4
15 189 7.25 8 .8 6 1.61 128 101 -27 17 18 13 .08 1 1 3 5
16 184 9.74 11.57 1.83 119 158 39 21 25 20 1.32 4 2 2 8
17 171 7.62 7.75 ,13 22 20 -2 16 17 12 —. 12 1 3 1 5
18 181 10.62 12.54 1.92 141 149 8 21 28 20 1.49 4 3 0 7
19 180 7.95 8.75 .80 125 118 -7 16 20 11 - .0 3 2 2 3 7
20 180 9.61 1 2 .2 0 2.59 117 108 -9 11 18 9 - .6 4 3 2 2 7
21 168 8.98 10.16 1.18 137 116 -2 1 17 16 13 - .0 3 2 0 1 3
22 180 7.89 12.77 4.88 137 214 77 22 25 17 1.14 3 2 2 7
23 190 * 13.61 * 150 138 -1 2 25 30 22 2.03 7 2 2 11
24 184 11.87 13.01 1.14 139 193 54 22 29 * 1 .6 6 4 3 * *
25 190 7.23 9.19 1.96 73 55 -18 14 15 * - .3 4 0 1 * *
26 177 * 1 2 .8 6 * 161 195 34 17 21 16 .50 4 1 1 6
27 184 9.26 * * 146 195 49 16 19 * .2 1 3 0 . * *
28 174 7.90 11.44 3.54 120 178 58 24 25 18 1.35 3 4 3 10
29 166 10.62 13.24 2.62 192 195 3 25 25 25 1.99 2 0 3 5
30 170 6.97 8.35 1.38 77 73 -4 9 12 17 - .4 7 1 0 2 3
31 188 8.26 1 0 .6 8 2.42 120 159 39 11 12 9 - .9 8 1 2 1 4








Concrete Achievement Formal Achievement 
1 2  3 Sum
to. Months Pre P ost Change Pre P ost Change Raw Raw Raw Ave. Z Raw Raw Raw Rav
33 175 9.27 11.43 2.16 156 199 43 19 26 20 1.24 0 5 2 7
34 166 10.17 11.45 1.28 129 131 2 13 * 17 .17 1 * 2 *
35 171 8.80 1 1 .0 2 2 .2 2 151 166 15 22 19 15 .64 1 3 3 7
36 171 8.25 9.45 1 .2 0 117 83 -34 14 15 12 - .3 7 1 0 2 3
37 182 9.44 11.06 1.62 183 186 3 15 29 16 .81 0 3 3 6
38 172 8 .81 * * 93 * * 23 15 « .57 1 1 * *
39 178 8.09 10.59 2.50 151 198 47 20 27 17 1 .1 2 2 1 3 6
40 176 11.70 13.61 1.91 117 167 50 24 30 24 2 .1 2 7 4 3 14
41 184 9.65 10.67 1 .0 2 170 160 -1 0 17 19 16 .38 0 2 3 5
42 168 9.73 11.27 1.54 175 173 -2 15 * 11 - .3 6 1 * 1 *
43 173 8.50 9.07 .57 172 189 17 21 * 15 .74 1 * 3 *
44 167 8.72 11.36 2.64 113 145 32 19 15 12 - .0 3 2 2 1 5
45 177 9.77 1 0 .1 2 .35 108 93 -15 15 14 * - .3 3 2 0 * *
46 181 8.35 10.37 2 .0 2 141 178 37 18 22 20 .94 2 0 3 5
47 177 11.43 13.27 1.84 151 201 50 23 29 20 1 .6 8 3 6 2 11
48 170 9.01 1 2 .0 0 2.99 87 148 61 18 17 16 .34 3 1 1 5
49 170 10.94 13.10 2.16 141 132 -9 23 25 22 1.61 6 4 2 12
50 169 6 .0 2 10.17 4.15 * 61 * 12 20 14 — .06 3 0 1 4
51 178 8.17 11.73 3.56 75 161 86 19 15 15 .63 3 2 2 7
52 171 9.14 11.79 2.65 140 167 27 21 26 16 1.05 0 0 1 1
53 169 10.42 11.53 1 .1 1 120 130 10 22 15 16 .49 2 1 1 4
54 168 7.57 6.99 - .5 8 128 149 21 10 18 11 - .5 5 0 3 1 4
55 171 8.60 1 0 .2 2 1.62 142 170 28 21 22 19 1.07 1 1 3 5
56 191 9.37 9.61 .24 112 92 -2 0 14 13 10 — .64 1 0 1  ' 2
57 187 9.28 10.72 1.44 198 211 13 16 28 22 1.31 4 0 2 6
58 170 10.54 12.33 1.79 121 205 84 22 25 17 1.14 4 4 2 10
59 191 7.70 9.22 1.52 * * * 6 14 11 -1 .0 4 1 2 0 3
60 176 8.47 9.23 .76 132 * * 18 16 * .16 3 1 * *
61 177 10.32 1 2 .8 8 2.56 188 216 28 20 32 22 1.80 3 3 2 8
62 172 7.24 9.78 2.54 . 128 141 13 17 10 15 - . 2 0 1 2 3 6
63 180 9.48 12.33 2.85 99 143 44 20 28 17 1.17 5 2 1 8
64 169 8.72 9.06 .34 105 129 24 22 21 14 .67 1 2 3 6
65 171 9.47 11.19 1.72 144 172 28 20 25 16 .92 2 3 1 6
66 174 9,26 10.08 ,82 138 168 31 20 15 13 ,1 1 0 1 3 4
67 184 9 .41 12.17 2.76 141 216 75 19 23 15 .6 6 3 3 3 9
68 176 9 .31 11.60 2.29 138 210 72 18 23 12 ,35 0 2 1 3
cn
TABLE 4-4






Concrete Achievement Formal Achievement 
1 2  3 Sum
Jo. Months Pre P ost Change Pre P ost Change Raw Raw Raw Ave. Z Raw Raw Raw Rav
1 170 8.16 9,57 1.41 91 120 29 11 14 6 - 1 .1 1 0 0 2 2
2 173 8.39 8.72 ,33 100 127 27 16 14 10 - .4 5 2 0 3 5
3 186 8.80 8 .8 6 .06 94 100 6 9 15 14 - .5 4 1 1 3 5
4 185 8,80 11.09 2.29 142 215 73 10 10 10 -1 ,0 8 1 1 2 4
5 171 8.97 1 0 .1 2 1.15 106 148 42 15 16 12 - .2 4 1 1 2 4
6 173 10.47 1 1 .2 0 .73 188 186 -2 13 15 18 .05 2 1 2 5
7 197 7.03 9.49 2.46 100 78 -2 2 8 11 * -1 .2 8 1 0 * *
8 177 12.24 10.75 -1 .4 9 147 138 -9 18 * 12 .07 2 * 3 *
9 176 11.09 10.58 - .5 1 142 139 -3 12 17 13 - .3 1 2 2 1 5
10 176 12.19 12.47 .28 122 115 -7 14 11 17 - .1 9 2 3 2 7
11 168 10.70 9.23 -1 .4 7 181 162 -19 6 12 12 -1 .0 7 1 2 0 3
12 185 9,37 12.30 2.93 170 161 -9 11 17 14 - .2 9 1 2 1 4
13 179 9.27 10.14 .87 189 199 10 10 11 12 — .8 6 1 0 0 1
14 188 8.54 10.97 2.43 133 151 18 11 15 11 - .6 5 3 1 3 7
15 174 7.88 8.38 .50 118 165 47 16 * 12 - .1 4 2 * 4 *
16 185 12.04 13.08 1.04 184 198 14 16 20 * .29 3 3 * *
17 186 11.39 12.33 .94 137 129 - 8 19 22 11 .28 2 2 2 6
18 173 8.42 10.42 2 .0 0 161 203 42 7 11 15 - .8 2 4 1 1 6
19 180 9.96 11.18 1 .2 2 179 196 17 18 * 14 .31 2 * 2 *
20 168 9.40 10.50 1 .1 0 187 187 0 12 12 11 - .7 5 0 1 2 3
21 186 7.71 8.26 .55 100 130 30 12 18 9 - .5 8 0 2 2 4
22 169 8.08 8.39 .31 110 132 22 10 17 10 - .6 9 0 2 3 5
23 186 9.48 9 .61 .13 175 159 -16 6 8 12 -1 .3 0 0 1 1 2
24 173 10.03 12.70 2.67 206 214 8 * 16 12 - .3 4 * 4 2 *
25 176 7.48 8.89 1.41 132 149 17 10 17 12 - .5 3 2 1 3 6
26 190 9.02 * * 134 * * 19 12 * - .0 9 1 0 * *
27 184 1 1 .2 2 * * 159 172 13 16 17 16 .2 0 1 3 2 6
28 167 8.08 9.20 1 .1 2 152 184 32 12 15 12 - .5 0 1 0 2 3
29 177 7.95 9.52 1.57 118 193 75 15 10 9 - .8 3 1 2 2 5
30 190 8.94 * * 178 174 -4 14 16 13 - .2 3 2 0 0 2
31 178 11.58 1 2 .0 0 .42 147 154 7 13 15 8 - .7 6 1 1 3 5
32 179 9.39 * * 130 128 -2 10 15 13 - .5 6 0 1 1 2









C oncrete Achievement Formal Achievement 
1 2  3 Sum
!lo. Months Pre P o st Change Pre P o st Change Raw Raw Raw Ave. Z Raw Raw Raw Rav
34 179 10.40 1 1 .2 2 .82 178 173 -5 19 13 15 .1 0 1 2 3 6
35 186 9.05 11.09 2.04 183 214 31 17 20 19 .6 8 3 1 1 5
36 186 10.96 11.52 .56 197 189 —8 18 23 18 .84 4 3 1 8
37 176 8.58 * * 164 186 22 8 13 11 - .9 6 1 1 0 2
38 174 9.61 * * 165 211 62 14 19 * - . 0 1 1 1 * *
39 172 11.09 12.30 1 .2 1 153 181 28 16 15 17 .17 4 3 2 9
40 185 7.61 8.08 .47 99 135 36 16 14 10 - .4 5 1 0 2 3
41 192 9.39 11.26 1.87 153 119 -34 15 * 18 .49 1 * 2 *
42 179 * 8.16 * 41 66 25 5 8 * -1 .8 5 1 1 * *
43 187 9.76 10.78 1 .0 2 121 135 14 14 15 12 - .3 7 0 1 1 2
44 180 8.05 8.46 .41 164 * * 9 8 7 -1 .5 1 2 0 3 5
45 176 9.14 1 1 .0 1 1.87 135 179 44 15 17 8 - .5 1 1 0 2 3
46 171 9.57 1 0 .2 1 .64 124 178 54 16 10 15 -.2 7 0 0 1 1
47 170 8.54 8 .1 2 - .4 2 157 181 24 10 6 4 -1 .8 0 2 0 3 5
48 179 * 12.03 * 181 186 5 12 10 10 - .9 4 2 0 3 5
49 170 6.93 7.07 .14 142 159 17 9 12 8 - 1 .2 0 0 2 0 2
50 180 7.27 8.63 1.36 166 163 -3 12 11 8 -1 .0 5 1 0 0 1
51 196 * 6.59 * 73 * * 9 14 8 - .8 9 2 1 1 4
52 188 9.40 9.87 .47 88 88 0 6 * 8 -1 .6 3 0 * 1 *
53 181 8.77 8.97 .2 0 159 124 -35 12 9 14 —. 68 3 1 2 6
54 185 6.35 7.07 .72 155 138 -17 9 7 6 -1 .64 2 1 1 4
55 170 * 8.03 * 88 124 36 8 * 7 -1 .0 3 1 * 2 *
56 190 13.22 13.01 - . 2 1 214 216 2 13 17 16 .0 0 5 0 2 7
57 176 10.85 11.94 1.09 218 223 5 18 18 18 .55 5 4 2 1 1
58 177 8 .2 0 7.50 - .7 0 67 76 9 14 13 12 - .4 8 0 1 1 2
59 185 7.92 8.77 .85 185 174 -1 1 18 13 8 - .5 3 1 2 1 4
60 186 12.17 12.03 - .1 4 205 174 -31 23 14 16 .50 4 3 1 8
61 170 10.44 11.56 1 .0 2 150 201 51 15 16 14 - .0 8 2 1 1 4
62 171 9.87 8.42 -1 .4 5 83 126 43 14 1 1 10 - .7 5 0 3 2 5
63 189 1 0 .6 8 10.47 - . 2 1 100 160 60 7 1 1 10 - 1 .2 2 1 3 2 6
64 195 7.45 9.09 1.64 * 80 * 9 * 1 1 - .9 7 1 * 2 *
65 166 8.63 9.90 1.27 153 180 27 10 * 1 1 - .8 7 1 * 1 *
66 170 * 8.98 * 82 100 18 14 1 1 10 - .7 5 2 3 3 8




PEARSON PRODUCT MOMENT CORRELATIONS
AgeM PrCD PoCD PrMP PoMP CCA^ CCA„
2
CCA3
1 .0 0 .04 .03 .09 - .0 6 - . 1 2 - . 0 2 - .0 5
AgeM 135 126 125 131 125 133 123 120
*** .32 .32 .16 .26 .08 .43 .28
1 .0 0 .73 .40 .36 .34 .31 .42
PrCD 126 116 122 117 124 f 115 112
*** .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0
1 .0 0 .43 .49 .58 .58 .65
PoCD 125 121 119 123 113 115
*** .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0
1 .0 0 .76 .2 0 .1 2 .27
PrMP 131 122 129 120 116
*** .0 0 0 .012 .090 .0 0 2
1 .0 0 .32 .26 .29
PoMP 125 123 113 116
*** .0 0 0 .003 .0 0 1
CCÂ 1 .0 0 .6 6 .6 6
133 121 118
*** .0 0 0 .0 0 0
1.00 .72
CCA 123 108
* * *  .000
( r /c a s e s /s ig n if ic a n c e  le v e l)
en
TABLE 4-5 CONTINUED
PEARSON PRODUCT MOMENT CORRELATIONS
CCA,



































































































































( r /c a s e s /s ig n if ic a n c e  le v e l)
2
TABLE 4r5 CONTINUED
PEARSON PRODUCT MOMENT CORRELATIONS




FCA  ̂ 133 133
.49 1.00
000  * * *
.42 .25 1.00
FCA., 123 121 123 m(O.000 .003 ***
.20 .04 .11 1.00
FCA 120 118 108 120
.010 .320 .140 ***
.60 .75 .70 .46 1.00
FCA 106 106 106 106 106
.000 .000 .000 .000 * * *
( r /c a s e s /s ig n if ic a n c e  le v e l)
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Using the  e n t i r e  sample, age d id  n o t s ig n i f ic a n t ly  c o r re la te  w ith  
any o th e r  v a r ia b le .  Since Pascual-Leone has p o s tu la te d  th a t  M-power in ­
c reases l in e a r ly  up to  an age o f 15-16 and i s  "p rim arily  dependent on
fa c to rs  such as m atu ra tion  and genera l experience,"®  th e  in v e s tig a to r
examined the  id ea  th a t  th e  M-power sco res o f  th e  sam ple 's younger s tu d en ts  
m ight, in  f a c t ,  be p o s it iv e ly  c o r re la te d  w ith  t h e i r  ages. In  o rd er to  
explore th i s  p o s s ib i l i ty ,  s tu d en ts  s ta r t in g  th e  in v e s tig a tio n  a t  ages 
o ld e r  than  15 years  6 months (186 months) were d e le te d  and c o rre la tio n s  
re c a lc u la te d .
Even though th e  o ld e s t twenty s tu d en ts  rep resen ted  only f i f te e n  
p e rcen t o f  the  135 s tu d en ts  in  th e  sample, fo llow ing th e i r  removal, age 
was found to  s ig n i f ic a n t ly  c o r re la te  w ith  both  the  p r e te s t  and th e  p o s t­
t e s t  o f  M-power. The p r e te s t  c o r re la t io n  had a  value o f .214 (p = .01)
and the p o s t t e s t  c o r re la t io n , a value o f  .159 (p = .0 5 ). No o th e r
c o r re la tio n s  were found w ith  age a t  o r  below the  .05 le v e l .
The re la t io n s h ip  between age and M-power scores i s  fu r th e r  
i l l u s t r a t e d  by F igures 4-1 and 4-2 , in  which th e  sam ple's M-power scores 
a re  grouped by age in te rv a ls .  I t  should be noted  from Figures 4-1 and 
4-2 th a t  th e  age groups co n ta in in g  th e  youngest e ig h ty -f iv e  p e rcen t o f 
th e  s tu d en t sample showed a l in e a r  in c rea se  in  M-power throughout the  
d u ra tio n  of th e  in v e s t ig a t io n . This p a t te rn  a lso  suggests th a t  the 
o ld e s t  f i f te e n  p e rce n t o f  th e  s tu d en ts  were n o t ty p ic a l  o f  the sample 
as a whole, w ith  regard  to  M-power sc o re s , thus p rov id ing  support fo r
®Juan Pascual-L eohe, "A M athematical Model fo r  the  T ra n s itio n  
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th e  ex is ten c e  o f s ig n i f ic a n t  p o s it iv e  c o r re la t io n s  between M-power and age.
Data R e la tin g  to  th e  F i r s t  Subproblem 
The n u l l  hypo thesis  fo r  th e  f i r s t  subproblem o f the  in v e s t ig a t io n  
s ta te d  th a t  no c o r re la t io n  e x is ts  between th e  s tu d e n ts ' sco res  on the  CAP 
measure o f  co g n itiv e  development and th e  FIT measure o f  M-power. However, 
d a ta  ga thered  in  t h i s  in v e s tig a tio n  showed p o s i t iv e  c o r re la t io n s  between 
M-power and c o g n itiv e  development rang ing  from .36 to  .4 9 , a l l  o f  which 
were s ig n i f ic a n t  below th e  .001 confidence le v e l .  These d a ta  th e re fo re  
p rovide evidence su p p o rtin g  th e  r e je c t io n  o f  n u l l  hypothesis  number one.
Data R e la tin g  to  th e  Second Subproblem 
The second subproblem o f th e  in v e s t ig a t io n  was to  determ ine 
w hether c o r re la t io n s  e x i s t  between M-power and achievement on exam ination 
questions in v o lv in g  concrete  b io logy  c o n te n t. Of th e  e ig h t c o r re la t io n s  
c a lc u la te d  between th e  s tu d e n ts ' M-power sco res and th e i r  sco res  on various 
concrete  co n ten t exam inations, a l l  e ig h t were p o s it iv e  and seven were 
s ig n i f ic a n t  below th e  .05 confidence le v e l .  These c o r re la t io n s  ranged 
from values o f  .12 to  .34 . These d a ta  p rov ided  evidence supporting  th e  
r e je c t io n  o f n u l l  hypo thesis  number two, th a t  th e re  i s  no c o r re la tio n  
between M-power and achievement on concre te  b io logy  co n ten t.
Data were a lso  ga thered  to  determ ine w hether c o r re la tio n s  e x is t  
between M-power and achievement on form al b io lo g y  co n ten t. Of th e  e ig h t 
comparisons made between s tu d e n ts ' sco res  on measures o f  M-power and th e i r  
re sp ec tiv e  sco res on achievement on form al b io logy  concepts, f iv e  p o s it iv e  
c o r re la t io n s  were found to  be s ig n i f ic a n t  below th e  .05 confidence le v e l .  
These c o r re la t io n s  ranged in  value from .16 to  .28. This evidence supports 
th e  r e je c t io n  o f th e  n u l l  hypo thesis  t h a t  th e re  i s  no c o r re la t io n  between
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M-power and achievement on form al b io logy  co n ten t. N onetheless, the sm all 
c o r re la t io n  values ob ta ined  suggest a  s u b s ta n t ia l  p a r t  o f  the s tu d e n ts ' 
achievem ent on bo th  concrete  and form al concepts i s  determ ined by fa c to rs  
o th e r  than  M-power a lone.
C ognitive development, fo r  example, was found in  th i s  in v e s tig a ­
t io n  to  c o r re la te  p o s i t iv e ly  (p ^  . 0 0 1 ) w ith  a l l  measures o f  the sam ple 's 
achievement on concrete  b io logy  concepts. These c o r re la t io n s  ranged in  
value from .31 to  .69 , suggesting  a much s tro n g e r  a s so c ia tio n  than  was 
found fo r  M-power. S im ila r ly , the  c o r re la t io n s  between co g n itiv e  develop­
ment and achievement on form al b io logy  concepts ranged from .35 to  .56 
fo r  th e  s ix  c o r re la t io n s  o u t o f  e ig h t which were found to  be s ig n i f ic a n t  
below the  .05 le v e l .
Data Comparing th e  In s tru c t io n  Groups 
Data were c o lle c te d  in  th i s  in v e s t ig a t io n  w ith  which to  em p irica lly  
compare th e  d i f f e r e n t i a l  e f f e c ts  o f  form al in s t r u c t io n  and co n cre te , le a rn in g  
cycle  in s tru c t io n  on M-power growth, co g n itiv e  developm ent, and achieve­
ment on s e le c te d  concrete  and form al b io logy  co n ten t.
T esting  th e  Third  Hypothesis 
In v e s tig a tio n  H ypothesis Three s p e c i f ic a l ly  s ta te d  th a t  the  broad 
background o f concre te  experiences which would be p rov ided  by using  le a rn ­
ing  cycle in s t ru c t io n  over an extended p e rio d  o f  time would a c c e le ra te  th e  
r a te  o f M-power growth, i f  th a t  f a c to r  were dependent on both  m atura tion  
and gen era l esqperience, as Pascual-Leone has su g g ested .^
The mean p r e te s t  and p o s t t e s t  sco res  on th e  FIT measure on M-power 
were compared fo r  each in s tru c t io n  group by th e  S tu d en t' s t - t e s t s . Those
^Ib id .
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d a ta  are  p resen ted  in  Table 4-6 .
I t  was p rev io u sly  noted from Table 4-2 th a t  th e re  were no s ig n i f i ­
can t d iffe re n c e s  in  mean M-power p r e te s t  sco res  between the in s t ru c t io n a l  
groups. Although Table 4-6 used th e  sm alle r sample o f  only those s tu d en ts  
tak in g  both  th e  p r e te s t  and the  p o s t t e s t  o f  M-power, th i s  p re trea tm en t t - r a t i o  
was a lso  considered  to  be n o n s ig n if ic a n t,  e s p e c ia lly  s in ce  judging i t s  p 
value o f .053 to  in d ic a te  s ig n i f ic a n t  p r e te s t  d iffe re n c e s  would in c rease  the  
l ik e lih o o d  o f a Type I e r ro r .
Although th e  co ncrete  in s tru c t io n  group d id  show g re a te r  p r e te s t  to  
p o s t te s t  gains in  M-power than th e  form al in s tru c t io n  group, n e i th e r  th ese  
gains nor th e  mean p o s t te s t  sco res  were s ig n if ic a n t ly  d if f e r e n t  a t  th e  .05 
le v e l .  N ull hypo thesis  th re e ,  th a t  th e re  would be no d iffe re n c e s  between th e  
mean M-power development sco res o f  th e  two in s tru c t io n  groups, was th e re fo re  
accepted . The p a r a l l e l  r a te  o f M-power growth fo r  th e  two in s tru c t io n  groups 
i s  i l l u s t r a t e d  in  F igure 4-3 .
T esting  th e  Fourth  Hypothesis 
The fo u rth  hypo thesis  o f  th i s  in v e s tig a tio n  p re d ic te d  th a t  s tu d en ts  
tau g h t Biology I  co n cre te ly  would have s ig n if ic a n t ly  g re a te r  co g n itiv e  de­
velopment than s tu d en ts  tau g h t th e  same con ten t fo rm ally . Mean p r e te s t  and 
p o s t te s t  scores on th e  CAE measure o f  co g n itiv e  development were compared 
fo r  each in s t ru c t io n  group using S tu d e n t's  t - t e s t s .  These da ta  are  p re ­
sen ted  in  Table 4-7 and i l l u s t r a t e d  by Figure 4-4.
As was p rev io u sly  no ted , th e re  were no s ig n if ic a n t  d iffe re n c e s  
between th e  tw o.groups b efo re  in s tru c t io n .  An exam ination o f Table 4-7 and 
Figure 4-4 does re v e a l,  however, th a t  the  concrete  in s tru c t io n  group d id  




INCLUDING t-RATIO COMPARISONS 
BETWEEN INSTRUCTION GROUPS
Concrete In s tru c t io n  
Mean S. Dev. N
Formal In s tru c tio n  
Mesm S. Dev. N d f.
P re te s t  129.39 37.04 59
P o s tte s t  151.49 49.48 59
P re te s t
to  22.10 31.69 59
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COGNITIVE DEVELOPMENT DATA 
INCLUDING t-RATIO COMPARISONS 
BETWEEN INSTRUCTION GROUPS
Concrete In s tru c tio n  
Mean S. Dev- N
Formal In s tru c tio n  
Mean S. Dev. N df.
P re te s t 9.11 1.25 60 9.31 1.59 56 -0 .74 114 .462
P o s tte s t 10.89 1.48 60 10.15 1.55 56 2.63 114 .010
P re te s t
to
P o s t te s t
Change
1.78 0.97 60 0.85 1 .0 1 56 5.07 114 ^ .0 0 1
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FIGURE 4-3 
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FIGURE 4-4 
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a t  a s ig n i f ic a n t ly  h ig h e r  le v e l  (p = . 0 1 0 ) o f  mean co g n itiv e  development 
than th e  group re c e iv in g  form al in s t r u c t io n .  The p r e te s t  to  p o s t t e s t  gains 
in  co g n itiv e  development were s ig n if ic e in tly  g re a te r  below th e  .0 0 1  le v e l  
fo r  th e  group re c e iv in g  concre te  in s t r u c t io n .  These da ta  support th e  r e ­
je c t io n  o f  n u l l  hypo thesis  number fo u r, th a t  th e re  would be no d iffe re n c e s  
between th e  co g n itiv e  development r a te s  o f s tu d e n ts  taugh t Biology I  con­
c re te ly  and s tu d en ts  ta u g h t Biology I  fo rm ally .
T esting  th e  F i f th  H ypothesis 
One prem ise o f  th i s  in v e s tig a tio n  was t h a t  s tu d en ts  experiencing  
co ncrete  in s tru c t io n  would develop deeper understand ings o f  concrete  b io logy  
concepts than s tu d e n ts  re c e iv in g  form al in s t r u c t io n  of the same concep ts. 
S tu d e n t's  t - t e s t s  were used to  determ ine w hether th e  mecins o f th e  two 
in s tru c t io n  groups were s ig n if ic a n t ly  d i f f e r e n t  on each t e s t  m easuring 
concrete  co n ten t achievem ent. Those d a ta  a re  p re sen ted  in  Table 4-8 and 
i l l u s t r a t e d  by F igure 4-5 .
On every exam ination measuring co n cre te  co n ten t achievem ent, the  
group experiencing  concre te  in s t ru c t io n  perform ed s ig n if ic a n t ly  (p ^ . 0 0 1 ) 
b e t t e r  than th e  form al in s t ru c t io n  group. These d a ta  support r e je c t io n  o f 
th e  in v e s t ig a t io n 's  f i f t h  n u ll  hypo thesis  th a t  th e re  would be no d iffe re n c e s  
between th e  concrete  co n ten t achievement means o f the two in s t r u c t io n a l  groups, 
Data p re sen ted  in. Table 4-9 and i l l u s t r a t e d  in  F igure 4-6 r e f l e c t  
a lack  o f  achievement by e i th e r  group on form al concep ts. Although th e  
concre te  in s t ru c t io n  group perform ed s l ig h t ly  b e t t e r  than th e  form al in ­
s tru c t io n  group on th a t  p o r tio n  o f each co n ten t exam ination which measured 
understanding  o f  form al co n cep ts , the  ob ta in ed  t - r a t i o s  were n o t s i g n i f i ­
can t a t  th e  .05 le v e l .  Even i f  the more generous s ig n if ic a n c e  le v e l  o f  .10
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TABLE 4-8
CONCRETE BIOLOGY CONTENT ACHIEVEMENT DATA 









In s tru c tio n  
S . Dev. N t d f. P
1. Ecology 17.72 4.47 58 12.75 3.91 65 6.81 131 ^ .0 0 1
2. Energy 
U ti l iz a t io n 20.58 5.69 65 13.90 3.72 58 7.62 121 4= .001
3. Energy 
Production 15.81 3.88 58 11.85 3.40 62 5.95 118 ^ .0 0 1
Average 
Z Scores .49 .80 68 - .5 1 .61 67 8.15 133 ^ .0 0 1
TABLE 4-9
FORMAL BIOLOGY CONTENT ACHIEVEMENT DATA 









In s tru c t io n  
S. Dev. N t d f. P
1. Ecology 1.97 1.67 68 1.53 1.24 65 1.69 131 .093
2. Energy 
U ti l iz a t io n 1 .7 1 1.40 65 1.33 1.13 58 1.64 121 .103
3. Energy 
Production 1.90 .99 58 1.74 .94 62 .8 8 118 .381
Sum o f  1, 
2, and 3 5.82 ■ 2.72 55 4.57 2.18 51 2.60 104 .0 1 1
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FIGURE 4-5
COMPARISON OF INSTRUCTION GROUP MEAN Z SCORES 
ON CONCRETE BIOLOGY’CONTENT ACHIEVEMENT
2 - Formal In s tru c t io n  Group
Concrete In s tru c t io n  Group
1 -
0 -
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were adopted, on ly  one o f  th e  th re e  t - r a t i o s  would be s ig n i f ic a n t .  These 
t - r a t i o s  as w ell as th e  sm all p e rcen tages o f  form al co n ten t achievement 
suggest th a t  n e i th e r  co ncrete  in s tru c t io n  n o r form al in s tru c t io n  produces 
s u b s ta n t ia l  understand ings o f form al co n te n t. This evidence supports the
Q
conclusion o f Lawson and Renner th a t  co n cre te  o p e ra tio n a l s tu d en ts  cannot 
be ta u g h t to  f u l ly  understand  form al o p e ra tio n a l concep ts.
Even i f  achievement on form al concepts were th e  only c r i te r io n  
fo r  choosing between the  two teach ing  tre a tm e n ts , however, th e  evidence 
from th i s  in v e s t ig a t io n  supports  th e  supremacy o f concrete  in s tru c t io n  
over form al in s t r u c t io n .  Concrete in s t r u c t io n  may n o t enable concrete  
o p e ra tio n a l s tu d e n ts  to  com pletely understand  form al o p e ra tio n a l concep ts, 
b u t i t  does produce s ig n if ic a n t ly  g re a te r  c o g n itiv e  development than form al 
in s t ru c t io n .  Once the s tu d e n ts  become form al o p e ra tio n a l ,  they a re  then 
ab le  to  a s s im ila te  p re p o s it io n a l d a ta , d e fin e  concepts in  terms o f o th e r  
concepts, and f u l ly  understand  form al co ncep ts .
T ests  o f  co g n itiv e  development showed the  concrete  in s t ru c t io n  
group to  have had only  two s tu d en ts  w ith  CAP p r e te s t  sco res  o f almost 
tw elve and no s tu d e n ts  beginning the  y ear w ith  CAP sco res o f  twelve o r  
more. Twelve was th e  low est score  which th e  CAP judged to  in d ic a te  a
9
form al o p e ra tio n a l c la s s i f ic a t io n .  However, the  concrete  g ro u p 's  p o s t­
t e s t  CAP sco res  showed th a t  fo u rteen  o f th e  s tu d e n ts  achieved scores
Q
An,ton E, Lawson and John W, Renner, ’’R e la tio n sh ip s  o f  Science 
S ub jec t-M atter nnd Developmental Levels o f L e a rn e rs ,"  Jou rnal o f  Research 
in  Science Teaching, 1975, V ol. 12, No, 4, p . 347,
9Renner, loc, cit,
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h ig h e r than  twelve w ith  n ine o th e r  s tu d e n ts  sco rin g  ju s t  below tw elve.
The form al in s tru c t io n  group had f iv e  s tu d e n ts  p r e te s t  a t  o r 
above tw elve. P o s tte s tin g  o f th i s  group* however* showed only a t o t a l  
o f  f iv e  a d d itio n a l s tu d en ts  who ra is e d  t h e i r  P ia g e tia n  c la s s i f ic a t io n  to  
being  form al o p e ra tio n a l whereas one o f those  who was p r e te s t  c la s s i f ie d  
being form al o p e ra tio n a l dropped to  a  p o s t t e s t  c la s s i f ic a t io n  o f  being  
t r a n s i t io n a l  from co ncrete  to  form al o p e ra tio n s .
As a r e s u l t  o f  a cc e le ra te d  co g n itiv e  development* th en , a concrete  
in s t r u c t io n a l  group would ev en tu a lly  perform  b e t t e r  on measures o f  achieve­
ment fo r  form al b io logy  concepts than  a form al in s tru c t io n  group, even 
though in d iv id u a ls  who were s t i l l  concrete  o p e ra tio n a l would n o t understand 
form al concepts w ith  e i th e r  in s tru c t io n  method. The c o n s is te n tly  g re a te r  
achievement on form al concepts e x h ib ite d  by the concre te  in s tru c t io n  group 
in  t h i s  in v e s tig a tio n  g iv es  evidence supporting  the  ex is ten c e  o f  such a 
tre n d .
This c o n s is te n t  d iffe re n c e  in  achievem ent i s  e s p e c ia lly  supportive  
in  view o f the f a c t  th a t  th e re  was such a sm all number o f  form al concept 
q u estio n s  on each one o f  the th re e  co n ten t exam inations. The judgment was 
p rev io u s ly  expressed  th a t  concrete  o p e ra tio n a l s tu d en ts  should n o t be graded 
fo r  t h e i r  perform ances on q u es tio n s  re q u ir in g  form al o p e ra tio n a l thought 
p ro cesses- For th i s  reaso n , each co n ten t exam ination c o n s is te d  o f  about 
t h i r t y  q u estio n s  m easuring understand ings o f concrete  concep ts , b u t only 
s ix  o r  seven, non-gr^ded q u estio n s m easuring understandings o f form al concepts. 
Because th e re  were so few formal concept q u estio n s  p e r  exam ination, the  group 
means on each exam ination were s im ila r  enough th a t  the  t - r a t i o  s ig n if ic a n c e  
le v e ls  a c tu a lly  in c reased  by chance.
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An accu ra te  in d ic a tio n  o f each s tu d e n t 's  o v e ra l l  achievement on 
concre te  concepts was ob ta ined  by averaging th a t  s tu d e n t 's  Z scores from 
each se p a ra te  t e s t .  O verall form al concept achievem ent, on th e  o th e r  hand, 
was b e t t e r  measured fo r  t h i s  in v e s tig a tio n  by adding each s tu d e n t 's  foirmal 
concept sco res  on a l l  th re e  t e s t s  combined and then comparing those  sums.
When th e  means o f  those  sums were compared, th e  concrete  in s tru c ­
t io n  group was seen from Table 4-9 to  achieve s ig n i f ic a n t ly  h ig h er (p = .011) 
t o t a l s  on form al concepts than th e  form al in s tru c t io n  group, thus p rov id ing  
more evidence t h a t  concrete  in s tru c t io n  i s  th e  p re fe r re d  method fo r  devel­
oping those  form al thought p ro cesses  necessary  to  understand  s p e c if ic  formal 
concepts.
A nalysis o f Covariance C ontrol o f  M-power In fluence 
T h e .an a ly sis  o f  covariance i s  a procedure fo r  s t a t i s t i c a l l y  
c o n tro ll in g  one o r  more concom itant q u a n ti ta t iv e  v a r ia b le s ,  thereby 
removing t h e i r  in flu en ce  from comparisons o f groups w ith  reg ard  to  the 
main trea tm en t v a r ia b le . According to  Hays'̂ *  ̂ th i s  method f i r s t  p rov ides 
a more p re c is e  e s tim a te  o f  th e  dependent v a r ia b le  means by removing the 
l in e a r  e f f e c ts  o r  in flu en ces  o f  th e  concom itant v a r ia b le  and then compares 
th ese  ad ju s ted  means fo r  evidence o f  trea tm en t e f f e c ts .
The assum ptions which must be met in  using  th i s  post-hoc s t a t i s t i c a l  
c o n tro l a re ;
1. The usual Anova assum ptions o f  n o rm a lity , homogeneity o f 
v a ria n c e , and independence o f e r ro r s .
2. E q u a lity  o f  s lopes w ith in  trea tm en t reg re ss io n  l in e s .
3. The c o v a ria te  i s  assumed to  be u n affec ted  by the trea tm en ts .
“^W illiam L. Hays, S t a t i s t i c s  fo r  th e  S o c ia l S c iences, Second E d itio n , 
(D allas, Texas; H olt, R in eh art, W inston, 1973), pp. 654-658.
^^Ibid.
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Even though experim ental c o n tro ls  were achieved through the  
random assignm ent o f  su b je c ts  to  teach ing  tre a tm e n ts , evidence p resen ted  
in  th i s  in v e s tig a tio n  supports  the  judgment th a t  a n a ly s is  o f  covariance 
could be c o r re c tly  used w ith  th e  c o v a ria te  M-power so as to  more p re c is e ly  
c o n tro l any in flu en ces  M-power might have had on co g n itiv e  development and 
concrete  co n ten t achievem ent. Since no s t a t i s t i c a l l y  s ig n if ic a n t  t - r a t i o s  
were found between th e  in s tru c t io n  groups on formal co n ten t exam inations, 
an a n a ly s is  o f  covariance was n o t in d ic a te d  fo r  th i s  dependent v a r ia b le . 
Data from th ese  analyses o f covariance a re  p resen ted  in  Table 4-10 and 
Table 4-11.
TABLE 4-10
ANALYSIS OF COVARIANCE, COGNITIVE DEVELOPMENT SCORES 
BY INSTRUCTION TREATMENT WITH M-POWER CONTROLLED
V ariable F *̂ ^A' '^^Error p
C ognitive Development P r e te s t .261 (1,109) .610
C ognitive Development P o s t te s t 16.256 (1,109) .0 0 1
C ognitive Development Change 24.274 (1,109) .0 0 1
TABLE 4-11
ANALYSIS OF COVARIANCE, CONCRETE ACHIEVEMENT SCORES
BY INSTRUCTION TREATMENT WITH ,M-POWER CONTROLLED
Concrete Content d f , d f
Examination F A E rro r P
1 -  Ecology 55.071 (1 , 100 ) z. .0 0 1
2 -  Energy U ti l iz a t io n 69.284 (1 , 100 ) z: .0 0 1
3 -  Energy Production 47.216 (1 , 100 ) z .0 0 1
Average Z Scores 82.909 (1 , 100 ) .0 0 1
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A comparison o f th e  s ig n if ic a n c e  le v e ls  fo r  th e  F values on Table 
4-10 and the t - r a t i o s  on Table 4-7 re v e a ls  t h a t  co g n itiv e  development 
p r e te s t  d iffe re n c e s  between in s t r u c t io n  groups are  n o n s ig n if ic a n t whether 
o r  no t any in flu en ces  o f M-power a re  s t a t i s t i c a l l y  removed w ith  a n a ly s is  
o f  covariance. S im ila rly , bo th  th e  t - t e s t  and the a n a ly s is  o f  covariance 
comparisons on th e  co g n itiv e  development p o s t te s t  sco res  were s ig n i f ic a n t ly  
h igher in  favor o f concrete  in s t r u c t io n .  However, a n a ly s is  o f  covariance 
d id  produce an F value w ith a  s ig n if ic a n c e  le v e l  of le s s  than  .001 in s te a d  
o f the  .0 1 0  s ig n if ic a n c e  le v e l produced by th e  t - t e s t  comparison w ithou t 
s t a t i s t i c a l  co n tro ls  o f  M-power. Mean gains in  co g n itiv e  development 
were a lso  h ig h er fo r  the concrete  in s tru c t io n  group and were s ig n i f ic a n t  
a t  le s s  than .0 0 1  le v e ls  on bo th  th e  t - t e s t  and th e  an a ly s is  o f  co v arian ce- 
Concrete in s tru c t io n ,  th en , was seen to  e f f e c t  s ig n if ic a n t ly  g re a te r  
co g n itiv e  developement even when M-power in flu en ces  were c o n tro lle d .
By comparing th e  t - t e s t  r e s u l t s  on Table 4-8 w ith th e  an a ly s is  
o f  covariance r e s u l t s  on Table 4-11, the  read e r may see th a t  th e  concrete  
in s tru c t io n  group c o n s is te n tly  showed g re a te r  achievement than  th e  form al 
in s tru c t io n  group on a l l  th re e  exam inations measuring understand ing  o f 
concrete  concepts. F u rth e r , th ese  d iffe re n c e s  were always s ig n i f ic a n t  
a t  le s s  than the  .001 le v e l ,  w hether o r n o t M-power in flu en ces  on concrete  
achievement were s t a t i s t i c a l l y  removed.
CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY
The purpose o f  t h i s  in v e s t ig a t io n  was to  g a th e r  evidence w ith  
which to  e m p iric a lly  ev a lu a te  proposed r e la t io n s h ip s  among M-power, 
co g n itiv e  development, concre te  and form al in s tru c t io n  m ethodologies, 
and achievement on s e le c te d  concrete  and form al b io logy  concepts. 
Although th e  d a ta  p re sen te d  in  Chapter XV in d ic a te d  s t a t i s t i c a l l y  
s ig n i f ic a n t  r e la t io n s h ip s  among se v e ra l o f  th ese  v a r ia b le s ,  th e  p ra c ­
t i c a l  s ig n if ic a n c e  o f  any resea rch  fin d in g s  should be judged in  view 
o f th e  s tre n g th s  o f th e  r e la t io n s h ip s  among v a r ia b le s .  A very weak 
re la t io n s h ip  could be s t a t i s t i c a l l y  s ig n i f ic a n t  when based  on a la rg e  
sample y e t have in s u f f ic ie n t  p r a c t ic a l  im p lica tio n s  to  j u s t i f y  i t s  
in c lu s io n  in  most c u r r ic u la .  For t h i s  reason , the  meanings o f  th e  
follow ing conclusions from t h i s  in v e s tig a tio n  have been in fe r re d  a f t e r  
g iv ing  due c o n s id e ra tio n  to  th e  ap p ro p ria te  s tre n g th -o f -a s s o c ia t io n  
( re la tio n sh ip )  m easures.
The s tre n g th  o f  th e  re la t io n s h ip  between a trea tm en t v a r ia b le  
and i t s  e f f e c t  on some dependent v a r ia b le  i s  measured f o r  a t - t e s t  w ith 
th e  fo llow ing com putational equation
^M arigold L inton and P h il ip  G allo , J r . , The' P ra c t ic a l  S t a t i s t i c i a n , 




2 = t :
+ d f .
where, 7j ^ = e ta  squared
t  = th e  value o f  th e  t - r a t i o  comparison between 
th e  groups
d f.=  degrees o f  freedom 
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Linton and G allo  re c e n tly  c a lc u la te d  s tre n g th -o f-a s s o c ia tio n  
measures on most o f  th e  p u b lish ed  s tu d ie s  in  American Psycholog ical 
A ssocia tion  jo u rn a ls  fo r  th e  year 1964. Based on th a t  survey, more than 
h a l f  o f  those p u b lished  s tu d ie s  accounted fo r  le s s  than  f iv e  p e rc en t o f  
th e  v ariance  in  th e  dependent v a r ia b le s  which was s tu d ie d . According to  
L inton and G allo , any study accounting  f o r  more than  te n  p e rc e n t o f  th e  
variance  on the  dependent v a r ia b le  was "doing b e t t e r  than  th e  v a s t 
m a jo rity  o f s tu d ie s ." ^  With th i s  s ta tem en t in  mind, the  in v e s t ig a to r  
considered  th e  fo llow ing  conclusions to  be e s p e c ia lly  notew orthy:
1. With re fe ren c e  to  Table 4 -7 , co n c re te , le a rn in g  cycle  in s t ru c ­
t io n  does promote s ig n i f ic a n t ly  g re a te r  co g n itiv e  development than  foinnal 
in s t r u c t io n .  Based on a t  value o f  5.07 and 114 degrees o f freedom, the  
e ta  squared value o f  0.184 means th a t  more than e ig h teen  p e rcen t o f the 
v ariance  in  co g n itiv e  development p r e te s t  to  p o s t te s t  change sco res i s  
accounted fo r  by fa c to rs  a sso c ia ted  w ith  th e  concrete  in s tru c t io n  trea tm en t. 
Thus, th e  s tre n g th  o f the  r e la t io n s h ip  between concrete  in s tru c t io n  and 
ga ins in  the co g n itiv e  development sco res  in  t h i s  study  was s tro n g .
2Ib id , p . 330.
^Ibid, p. 331.
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As p rev io u s ly  d esc rib ed , th e  concrete, in s tru c t io n  trea tm en t 
p r im a rily  d i f f e r s  from form al in s tru c t io n  in  th a t  concrete  in s tru c t io n  
prov ides a wide background o f  co n c re te , hands-on a s s im ila tio n s  fo r  each 
s tu d en t and encourages each s tu d en t to  take an a c tiv e  ro le  in  accommo­
d a tin g  th e  meanings o f h is /h e r  own a s s im ila t io n s . I t  may thus be in fe rre d  
from th e  fin d in g s  o f t h i s  re sea rch  th a t  a s u b s ta n t ia l  and im portan t po r­
t io n  o f each s tu d e n t 's  c o g n itiv e  development may be a t t r ib u te d  to  h is /h e r  
p erso n a l in te ra c t io n s  w ith  s e le c te d  concrete  o b je c ts  and experiences.
2. With re fe ren ce  to  Tables 4-8 and 4 -9 , co n cre te , lea rn in g  
cycle  in s tru c t io n  does promote s ig n i f ic a n t ly  g re a te r  achievement on 
measures o f understand ing  o f concrete  b io logy concepts than th a t  achieve­
ment which i s  produced by form al in s t ru c t io n  o f  th e  same concepts. N either 
method o f in s tru c t io n  re g u la r ly  produces s ig n if ic a n t ly  g re a te r  achievement 
on measures o f  th e  understand ing  o f form al b io logy  co n ten t; however, 
observed d iffe re n c e s  in  achievement on formal concepts a re  c o n s is te n tly  
in  favo r o f concrete  in s t r u c t io n .
Using each s tu d e n t 's  average Z sco re , an e ta  squared value of 
0.333 was ob ta ined  fo r  th e  t - t e s t  comparing th e  in s t ru c t io n  groups' average 
concrete  con ten t achievem ent. This value means t h a t ,  in  th i s  in v e s tig a tio n , 
more than t h i r t y  th re e  p e rc e n t o f  th e  v ariance on average concrete  concept 
achievement i s  accounted fo r  by f a c to rs  a s so c ia te d  w ith  concrete  in s tru c ­
t io n .  In  l ig h t  o f  the  e f f e c ts  ty p ic a l ly  produced in  those  s tu d ie s  surveyed 
by L inton and G allo , concre te  in s t ru c t io n  may be in fe r re d  to  e x e r t  very 
pow erful in flu en c es  on concre te  con ten t achievement as w ell as co g n itiv e  
development.
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As explained  in  Chapter IV, o v e ra ll  s tu d en t achievement on formal 
con ten t was b e s t  in d ic a te d  in  t h i s  in v e s tig a tio n  by each s tu d e n t 's  t o t a l  
score o f th e  formal q u estio n s  on a l l  th re e  exam inations. Using th ese  d a ta , 
an e tà  squared value o f 0.061 was ob ta ined  fo r  the  t - t e s t  comparing the 
in s tru c t io n  groups' o v e ra ll  form al con ten t achievem ent. This value means 
th a t  only  s ix  p e rcen t o f  the  v arian ce  in  achievement on a l l  twenty o f  th e  
foinnal concept q u estio n s i s  due to  f a c to rs  a sso c ia te d  w ith th e  more e f f e c t ­
iv e  teach in g  tre a tm e n t, i . e .  co n cre te  in s tru c t io n .  These fin d in g s  may be 
in te rp re te d  as p rov id ing  fu r th e r  support o f  th e  fin d in g s  o f Lawson and 
Renner‘S and Cantu and Herron^ th a t  concrete  o p e ra tio n a l s tu d en ts  cannot 
understand  formal o p e ra tio n a l co n cep ts , b u t th a t  concrete  in s tru c t io n  i s  
s t i l l  p re fe ra b le  to  form al in s t r u c t io n ,  e sp e c ia lly  s ince  concrete  in s tru c ­
tio n  promotes su p erio r co g n itiv e  development.
3. With re fe ren ce  to  Table 4 -6 , co n cre te , lea rn in g  cycle
in s tru c t io n  does n o t produce a p a t te rn  o f M-power development which i s
s ig n if ic a n t ly  d i f f e r e n t  from th e  p a t te rn  produced by form al in s t ru c t io n .  
This fin d in g  suggests th a t  M-power development i s  n o t a s u f f ic ie n t  cause 
fo r  the  ac c e le ra te d  co g n itiv e  development and g re a te r  co n ten t achievement 
a sso c ia ted  w ith concrete  in s t r u c t io n .
4. Wi,th> re fe ren ce  to  Table 4 -5 , ̂ -power scores c o r re la te
p o s it iv e ly  w ith  bo th  co g n itiv e  development le v e ls  and achievement scores
Anton E. Lawson and John W, Renner, "R ela tionsh ips o f  Science 
Subject M atter-and Developmental Levels o f L earn ers,"  Jo u rn a l o f  Research 
in  Science Teaching, Vol, 12, No, 4, 1975.
5 ■
Luis L. Cantu and J .  Dudley H erron, "Concrete and Formal P iag e tian  
Stages and Science Concept A tta inm ent,"  Jo u rn a l of Research in  Science Teach­
in g , Vol. 15, No. 2, March, 1978, pp. 135-143.
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on concrete  and form al b io logy concepts. Evidence a lso  suggests  th e  
ex is ten c e  o f p o s it iv e  c o r re la t io n s  between M-power sco res and age fo r  
su b je c ts  up to  a t  l e a s t  f i f t e e n  and a h a l f  y ears  o f  age.
The ap p ro p ria te  s tre n g th -o f-a s s o c ia tio n  measure o f  the  Pearson r  
i s  c a l le d  th e  c o e f f ic ie n t  o f  determ ination®  and i s  c a lc u la te d  as r  squared 
(r  ) .  According to  L inton and G allo , t h i s  measure t e l l s  "the p ro p o rtio n  
o f  variance on one s e t  o f  sco res  which can be accounted fo r  from the  o th e r 
s e t  o f s c o re s ."  These c o e f f ic ie n ts  o f  d e term ina tion  range in  value from
0.130 to  0.240 fo r  th e  s tre n g th  o f th e  a s so c ia tio n  between th i s  sam ple 's 
M-power sco res  on th e  FIT and t h e i r  co g n itiv e  development sco res on the  
CAP in strum en ts. Such va lues in d ic a te  a r e la t iv e ly  la rg e  th i r te e n  p e rcen t 
to  twenty fo u r p e rcen t o f  th e  variance  in  c o g n itiv e  development sco res fo r  
th e  e n t i re  sample can be accounted fo r  by th e  M-power sc o re s . Any i n t e r ­
p r e ta t io n  o f the  s tre n g th  o f  the  re la t io n s h ip  between M-power sco res  and 
co g n itiv e  development sco re s , however, must a lso  tak e  in to  account th is  
in v e s t ig a t io n 's  p rev ious conclusion th a t  concre te  in s tru c t io n  d id  n o t 
s ig n i f ic a n t ly  a f f e c t  M-power development b u t d id  produce s ig n if ic a n t ly  
g re a te r  cog n itiv e  development.
Although i t  i s  no t reasonable to  in f e r  th a t  n o n s ig n if ic a n t 
M-power d iffe re n c e s  caused s ig n if ic a n t  co g n itiv e  development d if fe re n c e s , 
it- i s  reasonable to  suggest th a t  minimum M-power sco res may be necessary  
b efo re  co g n itiv e  development can proceed beyond c e r ta in  le v e ls . : .  "  '




Assuming t h a t  most s tu d en ts  in  th i s  in v e s t ig a t io n  had reached o r  
exceeded any such M-power c o n s tr a in ts ,  th e  r a t e  o f  co g n itiv e  development 
would then be in flu en ced  by o th e r  f a c to r s ,  in  p a r t i c u la r  th e  q u a li ty  and 
amounts o f those  concre te  experiences p rov ided  by the  in s tru c t io n  method.
As a case in  p o in t ,  one s tu d en t (Ss No. 2) was seen on Table 4-3 
to  achieve a P ia g e tia n  c l a s s i f ic a t io n  o f t r a n s i t io n a l  to  formal o p e ra tio n s  
w ith  an FIT sco re  o f  only  t h i r t y  th re e  o f  th e  p o s s ib le  232 p o in ts .  However, 
th e  low est FIT score o f  any s tu d e n t e n te r in g  th e  form al o p e ra tio n s  c l a s s i ­
f ic a t io n  (Ss No. 20) was 108 p o in ts .  The d is p a r i ty  between th ese  two 
M-power sco res suggests  th e  need fo r  h ig h e r  M-power in  o rd er to  be suc­
c e ss fu l w ith  form al o p e ra tio n s . More conclusive  d a ta  on th i s  p o s s ib i l i ty  
aw ait ■ fu r th e r  re se a rc h .
5. With re fe ren ce  to  Table 4 -5 , bo th  c o g n itiv e  development 
sco res on th e  CAP and M-power sco res on th e  FIT c o r re la te  p o s i t iv e ly  w ith  
achievement sco res  on measures o f  both  concre te  and form al b io logy  concep ts.
By c o r re la t in g  average achievement Z sco res  on co ncrete  b io logy  
concepts w ith  M-power p r e te s t  and p o s t te s t  s c o re s , th e  c o e f f ic ie n t  o f  
de term ina tion  fo r  th e  average r  o f  0.285 i s  0 .081 . However, by c o r re la t in g  
average achievement Z sco res  on concrete  b io logy  concepts w ith  co g n itiv e  
development p r e te s t  and p o s t t e s t  sco re s , the c o e f f ic ie n t  o f  determ ina tion  
fo r  t h i s  average r  o f  0.614 i s  0.377. These d a ta  in d ic a te  th a t  alm ost 
f o r ty  p e rcen t o f  th e  v a rian ce  in  average achievem ent on co ncrete  b io logy  
con ten t i s  exp la ined  by co g n itiv e  development, w ith  le s s  than  o n e-fo u rth  
as  much o f the v arian ce  being  exp la ined  by M-power.
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The p a t te rn  above i s  s im ila r  to  th a t  which i s  found on achievement 
w ith  form al b io logy  concepts. By c o r re la t in g  th e  sums o f  th e  achievement 
t e s t s  on form al b io logy  concepts w ith  M-power p r e te s t  and p o s t t e s t  sco re s , 
th e  c o e f f ic ie n t  o f  determ ina tion  fo r  th e  average r  o f 0.220 i s  0.048.
Again, by c o r re la t in g  the sums o f  achievem ent t e s t s  on form al b io logy  
concepts w ith  co g n itiv e  development p r e te s t  and p o s t te s t  sco re s , the 
average r  o f  0.530 y ie ld ed  th e  much h ig h e r c o e f f ic ie n t  o f  determ ination  
o f 0.281. In  t h i s  case , co g n itiv e  development accounted fo r  more than 
f iv e  tim es as much o f the v ariance  on th e  sums o f  the  form al co n ten t 
achievement t e s t s  than  th a t  p o r tio n  o f th e  v ariance  which was a t t r ib u te d  
to  M-power.
These p a t te rn s  o f a s so c ia tio n  among M-power, co g n itiv e  development, 
and c o n te n t■achievem ent a re  b e t t e r  understood in  r e la t io n  to  th e  in v e s t i ­
g a to r  -s judgment th a t  understandings o f  concepts a re  b e s t  measured w ith 
q u estio n s  t h a t  deemphasize th e  sim ple r e c a l l  o f in fo rm ation  and emphasize 
th e  t r a n s f e r  o f  le a rn in g s  to  new s i tu a t io n s .
As p rev io u s ly  d efined , M-power i s  simply the  maximum number o f 
independent schemes th a t  cam be a tten d ed  to  a t  any one moment in  the  
absence o f d i r e c t  support from the  p e rce p tu a l f ie ld .  M-power thus p laces 
c o n s tra in ts  on understanding only when th e  ta sk  demands exceed th e  a v a i l­
ab le  M-*power.
A more genera l c o n s tra in t  on understand ing , however, i s  in s u f f ic ie n t  
co g n itiv e  development fo r  su b je c ts  who norm ally do have s u f f ic ie n t  M-power. 
Since co g n itiv e  development has been viewed as a succession  o f  in c re a s in g ly
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more comprehensive ex ecu tiv e  s t r a te g ie s ,  two su b je c ts  w ith  d if f e r e n t  
le v e ls  o f  co g n itiv e  development would be expected to  use d i f f e r e n t  mental 
s t r a te g ie s  to  re so lv e  some co g n itiv e  c o n f l ic t ,  even though they might 
have id e n t ic a l  M-powers cind might have a lso  been tau g h t w ith th e  same 
method. On a t e s t  q u es tio n  which req u ire s  th e  a p p lic a tio n  o f lea rn in g s  
in  new s i tu a t io n s ,  th e  s tu d e n t w ith  th e  g re a te r  co g n itiv e  development 
would be more l ik e ly  to  su c c e ss fu lly  organize th e  d a ta  needed to  t r a n s f e r  
h is /h e r  understandings and id e n t i fy  the  c o r re c t  answer choice.
The s tre n g th -o f-a s s o c ia tio n  between M-power and success on 
th e se  co n ten t in strum en ts  th u s  r e f le c t s  th a t  r e la t iv e ly  sm all p o rtio n  o f 
achievement v ariance  which i s  accounted fo r by th e  s iz e  o f o n e 's  memory.
The la rg e  s tr e n g th -o f-a s s o c ia tio n  between c o g n itiv e  development and success 
on th ese  con ten t in strum ents shows the  much more pow erful in flu en ce  o f 
th e  comprehensiveness o f o n e 's  th in k in g  s t r a te g ie s .
The conclusions from th i s  re sea rch  a l l  lend  support to  th e  
in v e s t ig a to r 's  judgment t h a t  concrete  in s tru c t io n  i s  a su p e rio r  to o l fo r  
promoting bo th  co g n itiv e  development and co n ten t achievement s ig n if ic a n t ly  
and im portan tly  beyond th o se  le v e ls  r e s u l t in g  from formal in s tru c t io n . 
Furtherm ore, th ese  same re sea rch  fin d in g s  s tro n g ly  support th e  philosophy 
t h a t  th e  tim e and money used in  p rov id ing  each s tu d e n t w ith  numerous 
concrete  experiences i s  w ell sp en t. The suggestion  th a t  v erb a l teach ing  
s t r a te g ie s  which reduce M-power demands may be used to  supp lan t concrete
Q
H.A. Simon, "An Inform ation  P rocessing  Theory o f I n te l le c tu a l  
Development," Thought in  th e  Young C hild , W. Kessen & C, Kohlman, e d . , 
S ocie ty  fo r  Research in  C hild  Development Monographs, 1962, pp. 150-155.
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experiences seems dubious. However, proposed in te ra c t io n s  between M-power 
and sensory a s s im ila tio n s  during the  re so lu tio n  o f  c o n f l ic ts  between 
incom patible schemes suggest th e  need fo r  f u r th e r  re sea rch  in to  how and 
when to  b e s t  use co ncrete  experiences to  achieve ed u ca tio n a l g o a ls .
This resea rch  and the  conclusions drawn from i t  have revealed  the  
need fo r  a d d itio n a l re se a rch  w ith  which to  answer the  fo llow ing q u estio n s;
1. What fa c to rs  b es id e s  in s tru c t io n  method and M-power a f f e c t  the
9
r a te  o f  co g n itiv e  development? Marek has found I.Q . to  be one ad d itio n a l 
f a c to r  which c o r re la te s  w ith  co g n itiv e  development and which changes w ith 
concrete  in s tru c t io n . Are th e re  o th e rs  as w ell?
2. Are th e re  minimum le v e ls  o f M-power which are  necessary  befo re  
a s tu d en t can e n te r  each q u a l i ta t iv e  s tag e  o f  thought p rocesses?  I f  so,
a t  what ages are  th e se  minimums u su a lly  reached?
3. Are th e re  any experiences o r lo g ic a l  s t r a te g ie s  which can be 
used to  a c c e le ra te  M-power development?
4. To what ex te n t can teach ing  s t r a te g ie s  which reduce M-power 
demands a s s i s t  concrete  a s s im ila tio n s  in  promoting co g n itiv e  development 
and in  help ing  s tu d en ts  to  accommodate s p e c if ic  concepts?
The conclusions drawn from th is  in v e s tig a tio n  and subsequent in v e s t i ­
g a tio n s  of M-power and co g n itiv e  development could have a profound in flu en ce  
on the  q u a li ty ,  q u a n tity , and sequencing o f the .-concrete experiences conscien­
t io u s  teach ers  should be re g u la r ly  p rov id ing  fo r  th e i r  s tu d e n ts .
g
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APPENDIX A 




GOAL* You w il l  gain  an understanding o f how a s c i e n t i s t  conducts an 
in v e s tig a tio n  and th e  fe a tu re s  o f the system he uses to  make measurements,
A FACT can be defined  as an observed phenomenon agreed on by a number 
o f people, A s c i e n t i s t  must be a good observer to  determ ine the  f a c ts .
The follow ing a c t iv i ty  i s  devoted e n t i r e ly  to  improving your a b i l i ty  
to  d e sc rib e . You w i l l  gain most from doing the  a c t iv i ty  y o u rse lf  o r w ith  
th e  members o f your g ro tp . Record your data  in  the  space provided,
ACTIVITY: DESCRIPTION OF A BURNING CANDLE
M aterials needed: 1 w hite candle, 8 to  10 inches long
1 box o f matches 
m etric  ru le r
Describe the  un ligh ted  candle as acc u ra te ly  as possib le  w ithout destroy ing  
the  candle, and make a record in  the space provided below of each separa te  
d e sc r ip tio n . A fte r you have had about 15 m inutes to  do th is ,  then l ig h t  the  
candle and continue making and recording  your d e sc rip tio n  of th is  event.
Pool your d e sc rip tio n s  w ith  those o f  the  o th e r members o f your group.
Compare the  number, v a r ie ty , and q u a li ty  of your d e sc rip tio n  w ith  those o f 
th e  o th ers  in  your grorqp. Decide who has the b e s t  d e sc rip tio n  and d iscuss 
why i t  was so good. Why would a g roup 's  d e sc rip tio n  be even b e t te r  than th a t  one?
Your D escrip tion:
2.2
The follow ing v ery  d e ta ile d  d e sc r ip tio n  o f  a candle i s  taken from the  
t e x t  Chemistry. An Experimental Science. Compare the da ta  (d e sc rip tio n s )  
which fo llow  w ith  your own.
"A drawing o f  a burning candle i s  shown in  th e  accompanying f ig u re . The 
candle i s  c y lin d r ic a l  in  shape and has a d iam eter o f about 3/4 in ch . The
le n g th  o f the candle was i n i t i a l l y  about 8 inches and i t  changed slowly during
the  observation , decreasing  about 1/2 inch  in  one hour. The candle i s  made of a 
tra n s lu c e n t, w hite so lid  which has a  s l ig h t  odor and no t a s te .  I t  i s  s o f t  
enough to  be scratched  w ith  the  f in g e rn a il .  There i s  a wick which extends from 
top  to  bottom of th e  candle along i t s  c e n tra l  a x is  and p ro trudes about h a lf  an 
inch  above the  top o f  the cand le . The wick i s  made o f th ree  s tran d s of s tr in g  
b raided  to g e th er.
A candle i s  l i t  by holding a source o f flame c lo se  to  the wick fo r  a few
seconds. T hereafter the source o f flame can be removed and the flame su s ta in s
i t s e l f  a t  th e  wick. The burning candle makes no sound. While burning, the  
body o f the  candle remains cool to  the touch except near the  top . W ithin about 
1 /2  inch  from the  to p , the  candle i s  warm (bu t n o t hot) and s u f f ic ie n t ly  s o f t  
to  mold e a s i ly .
The flame f l ic k e r s  in  response to  a i r  c u rre n ts  and tends to  become q u ite  
smoky w hile f l ic k e r in g . In  the  absence of a i r  c u rre n ts , the  flame i s  o f the 
form shown in  the  f ig u re  though i t  re ta in s  some movement a t  a l l  tim es. The 
flame begins about 1/8 inch  above the  top of the  candle and a t  i t s  base the  
flame has a b lue t i n t .  Immediately around the  wick in  a reg ion  about 1 /4  inch  
wide and extending about 1/2 in ch  above the  top  o f the wick, the  flame i s  dark . 
This dark reg ion  i s  roughly con ica l in  shape. Around th is  zone and extending 
about h a lf  an inch  above th e  dark  zone is- a reg ion  which em its yellow  l ig h t ,  
b r ig h t  b u t no t b lin d in g . The flame has ra th e r  sharp ly  defined s id e s , b u t a 
ragged top .
The wick i s  w hite where i t  emerges from th e  candle, b u t from the base of 
the  flame to  the  end o f th e  wick i t  i s  b lack , appearing b u rn t, except f o r  the  
l a s t  1/16 inch where i t  glows red . The wick c u r ls  over about 1/4 inch  from i t s  
end. As the  candle becomes sh o r te r , the  wick shortens too , so as to  extend 
roughly a constan t le n g th  above th e  top o f th e  cand le . Eeat i s  em itted by the 
flam e, enough so th a t  i t  becomes uncomfortable in  te n  or twenty seconds i f  one 
holds h is  f in g e r  1 /4  inch  to  the  s id e  o f the  q u ie t  flame or 3 o r 4 inches above 
the  flam e.
The top o f a q u ie t ly  burning candle becomes wet w ith  a c o lo r le s s  l iq u id  
and becomes bowl shaped. I f  the  flame i s  blown, one side  of th i s  bowl-shaped 
top  may become l iq u id , and the  l iq u id  trapped in  the  bowl may d ra in  down the 
c a n d le 's  s id e . As i t  courses down, the  c o lo r le s s  l iq u id  coo ls, becomes 
tra n s lu c e n t, and g rad u a lly  s o l id i f i e s  from th e  o u ts id e , a ttac h in g  i t s e l f  to  the 
side  of the candle. In  the  absence o f a d r a f t ,  th e  candle can bum  fo r  hours 
w ithout such d ripp ing . Under these  co n d itio n s , a  s ta b le  pool of c le a r  l iq u id  
remains in  the bowl-shaped top  o f the  candle. The l iq u id  r i s e s  s l ig h t ly  around 
the  wick, w etting  the  base of th e  wick as high as the  base o f the  flam e,"
2.3
Severa l a sp ec ts  o f  t h i s  d e sc r ip tio n  deserve sp e c if ic  mention. Compare 
your own d e sc r ip tio n  In  each o f the  follow ing c h a ra c te r is t ic s :
' .  1. The d e sc r ip tio n  I s  f u l l  o f sensory  d e ta i l s .  They checked a l l
th e  f iv e  senses and recorded those observations to o . When you described  
th e  candle, d id  you remember to  Include I t s  sm ell, t a s te ,  f e e l ,  and sound 
In  a d d itio n  to  I t s  appearance?
(NOTE: A chem ist qu ick ly  becomes r e lu c ta n t  to  ta s te  o r sm ell an 
unknown chem ical. A chem ical should be considered to  be poisonous 
un less I t  I s  known n o t to  be!)
2 . Wherever p o ss ib le , the  d e sc r ip tio n  uses measurements. This means • 
th a t  the  q u estio n  "How much?" I s  answered. Notice how many tim es the  
d e sc r ip tio n  uses number measurements o f  th e  v arious p a r ts  o f the  candle. 
A lso, th e  remark th a t  the  flame em its yellow  l i g h t  I s  made more meaningful 
by the  "how much" expression , "b rig h t b u t n o t b lin d in g ,"  They even included  
th e  d is tan c e  and time f a c to r s  to  d esc rib e  "how much" heat was em itted by 
th e  flam e.
3 . The d e sc r ip tio n  does n o t presume th a t  any aspect o f the  observation  
I s  le s s  Im portant than  the  o th e rs . Thus the  observation  th a t  a burning 
candle does n o t make any sound deserves to  be mentioned ju s t  as much a s  the  
observation  th a t  I t  does emit l i g h t .
4 . The d e sc r ip tio n  s t ic k s  to  observable f a c ts  and avo ids making any 
In te rp re ta tio n s .  I t  I s  an observation  th a t  th e . top of th e  burning candle 
I s  wet w ith  a c o lo r le s s  l iq u id .  I t  would be an In te rp re ta t io n  to  s ta te  
what you th in k  o r  presume I s  th e  co nçosltlon  o f th a t  l iq u id .
Investigation 1
Yon w i l l  be given a p iece  o f s tr in g  and a measuring s t ic k  which has 
the  len g th  u n its  o f  th e  m etric  system on one s id e  and th e  len g th  u n its  o f 
th e  E nglish  system on the  opposite  s id e . Study these  two u n it  systems 
c a re fu lly .
Measure the follow ing item s in  both  cen tim eters and inches and record  
these  values in  th e  proper b lanks below* • cen tim eters inches
Height o f your desk to p  cm. in .
Length o f your desk top  ______________________________
Length o f your fo o t ___________ ___________
(from heel to  t i p  o f b ig  to e)
Length o f your lower arm __________ ___________
(from elbow to  t i p  o f middle f in g e r)
Neck s iz e  ( a t  your Adam's apple) ___________  ___________
Conqiare th e  measurements you have c o llec ted  and determine how centim eters 
a re  re la te d  to  in ch es . Use the  inform ation th a t  you p e rso n ally  c o lle c te d  to  
f ig u re  ou t th i s  re la tio n s h ip .
G etting  th e  Idea*
In  th e  space below, describe  how centim eters a re  re la te d  to  inches.
Expanding the  Idea :
Convert 73 inches to  f e e t ,  73 in ,  = ________ fe e t
There a re  one hundred cen tim eters in  a m eter. Convert 646 cen tim eters 
to  m eters,
646 cen tim eters = ___________ m eters
Why do you. th in k .th a t  s c ie n t is t s  p re fe r  to  work w ith  m etric  len g th s r a th e r  
than E nglish  system u n its  o f leng ths?  W rite your answer in  the  space below.
2.5
Investigation 2
Using the  cen tim eter side  of your ru le r ,  determ ine the  approximate 
a rea  of th i s  l e a f  drawing, (HINT: Rule i t  o f f  in  1 cen tim eter squares .)
sq , cm,= area  of 
the  l e a f
The t a l l ,  th in  measuring cup used in  the  science c la s s  i s  c a lle d  a 
"graduated c y lin d e r ,"  I t  i s  marked o f f  in  m etric  u n its  o f volume, A l i t e r  
i s  about a q u a rt; however^ since s c ie n t is t s  u su a lly  use le s s  than a q u a rt, 
they  have d ivided the l i t e r  in to  1000 sm aller p a r ts ,  each of which i s  c a lle d  
a m i l l i l i t e r  (m l,) .
What should you c a l l  a u n it  o f len g th  th a t  i s  l/lOOO of a meter?
Use your m etric  r u le r  and draw a s t r a ig h t  l in e  ex ac tly  5 o f those u n its  long 
in  th is  c i r c le .
Obtain a graduated cy lin d e r, an overflow tra y , and a beaker completely 
f u l l  of w ater. How could you use th i s  equipment to  f in d  the  volume of your hand?
2.6
F i r s t ,  ask the  teacher whether your method would work. Then use your 
w ater overflow method to  f in d  the  volume of your hand in  m i l l i t e r s ,
____________ ml. = volume o f my hand
What p a r t  o f a l i t e r  i s  the  volume o f  your hand? W rite th i s  answer 
a s  a decimal i f  you know how.
Using the  enclosed handout, cu t ou t, fo ld , and tape together a cubic 
cen tim ete r. So as to  avoid le a k s ,o r  s p i l l s ,  qu ick ly  t r a n s fe r  lO cubic 
cen tim eters, f u l l  o f  w ater to  a sm all graduated c y lin d e r ,
1 cc, o f w ater = ______ m l, o f w ater
G etting  the  Idea*
What i s  the re la tio n sh ip  between one cubic cen tim eter (c c ,)  and one 
m i l l i l i t e r  (m l,)?
(hint* I f  you a r e n 't  su re , t r a n s fe r  10 more cc . o f w ater to  the  graduated 
cy lin d e r and compare again ,
20 cc , o f w ater =  ml. o f w ater)
Expanding th e  id ea :
The weight o f a volume o f  l iq u id  i s  fig u red  in d ir e c t ly .  To do t h i s , . , .
1. weigh the  empty con ta iner
2 . weigh the  co n ta in e r, p lu s the  d e s ired  amount of l iq u id
3 . su b tra c t the  value o f s tep  1, from the  value in  s te p  2,
A fte r lea rn ing  the  procedure fo r  weighing item s on a pan balance, 
determ ine the  weight o f e x ac tly  50 ml, o f pure ( d i s t i l l e d )  w ater in  the  m etric  
u n i t  fo r  sm all w eights which i s  grams ( g .) .
50 ml, o f w ater = _ _ _ _ _  g . o f w ater
What i s  the w eight o f  one ml, o f pure w ater? ___________
E a r lie r  in  th i s  in v e s tig a tio n , you measured the volume o f your hand.
I f  your hand weighed the  same as w ater (which i t  d o e s n 't ) ,  p re d ic t  how much 
i t  would weigh in  grams.






1 inch — tape
1 1nch
1 inch
F. Things to Do
1. Construct a paper container with the volume 
of 1 cubic inch. Use this contaînef to measure 
a cubic inch of such substances as granulated 
sugar, table salt, dry sand, and iron filings or 
iron powder. Fill the container with the sub­
stance you are measuring. Then gently tap the 
container to settle its contents. Add more of the 
substance, if necessary. The measure should be 
full and its contents level with the top of the 
container. Weigh each substance you measure 
on a pan balance. Make a chart to show the
density of each substance you measure and 
weigh;
2. Cut out a square of paper 1 foot on each 
edge. Draw lines to divide the square foot into 
one-inch squares. How many inches are in a 
square foot? Cut the square into at least five 
pieces. Make some cuts straight and some 
curved. Fit all the pieces together in different 
ways. What is the area of each shape you 
produce?
4 inchesI B S — 1
4 inches
[f— 4 inches— *{
Measuring a Volume
How can we measure the volume of a solid 
block that is not a cube? Suppose a block of wood 
is 8 inches long, 4 inches wide, and 2 inches high. 
To measure its volume, we multiply the length 
times the width times the height; 4 inches x 8 
inches x 2 inches is 64 cubic inches. The block 
has the same volume as a solid cube 4 inches long, 
4 inches wide, and 4 inches high. Objects with 
different shapes may have the same volume.
2,7
Investigation 3
Get a co n ta in e r of f re s h ly  drawn ta p  w ater and s e t  i t  on your desk.
Obtain an ic e  cube and paper tow el. Watch fo r  d rip s  as you hold the  ic e  
cube on your f in g e r t ip s  f o r  th ree  m inutes.
Immediately remove your f in g e rs  from the  ic e  cube and plunge them in to  
the  tap  w ater.
How does the  ta p  w ater f e e l  compared to  the  ic e  cube?
Repeat the  above procedure using some ra th e r  hot w ater th a t  the  teacher 
has prepared in  p lace o f the  ic e  cube.
How does the  ta p  w ater f e e l  compared to  the  h o t water?
Why i s  th e re  any d iffe ren c e  in  your sensa tion  o f the tap  water?
Ry touch, arrange the f iv e  ja r s  o f w ater lab e led  A -  E from th e  c o o le s t 
to  the  wannest. Do n o t a c tu a l ly  move th e  ja r s  in to  th e i r  "proper" p laces , 
b u t l i s t  them in  o rder below.
Coolest
Warmest
How could you t e s t  your hypothesis th a t  th is  i s  the  r ig h t  order of the ja rs?
2.8
Remember th a t  f a c ts  a re  observations upon which many people can ag ree. 
Observations which a re  recorded as numbers a re  c a lle d  DATA.
S c ie n t is ts  u su a lly  use the  m etric system 's C elsius degrees when measuring 
tem perature.
G athering Data :
Take the  ten çera tu re  of ja r s  A -  E w ith  a C elsius thermometer and record 
those tem peratures below.
A -   1C
B -  _ _ _ _ _  *C
C -  __________ [C
D - _____ __________ 1C
E -  __________ 1C
How do these  da ta  compare to  your arrangement by touch?
Explain how I t  might be p o ss ib le  fo r  your senses to  have been "fooled" in to  
g e ttin g  the  wrong arrangement.
Measure the  tem peratures of the  follow ing item s in  both  C elsius degrees and 
Fahrenheit degrees. Record your observations below,
•C *F
B olling w ater__________________ _____  _____
Ice  cube_______________________ _____  _____
Running tap  w ater _____  _____
Cold water from h a ll 
drinking fountain 
(One a t a time In the ha llT
Room temperature
How many degrees between the  tem perature o f Ice  and b o ilin g  w ater on the
C elsius scale?   ________  and the Fahrenheit scale? ___________
I f  you rounded o f f  the  above numbers to  the n e a re s t 10*, which measuring system 
would seem more lo g ic a l?
6,7
Obtain one of th e  body tem perature thermometers from your teacher and 
be sure i t  i s  d is in fe c te d  w ith  a lcoho l before you pu t i t  under your tongue. 
A fte r 3 " 5 m inutes, remove th is  thermometer from your mouth and record  
your body tem perature below,
•C *F
I s  th is  number ex ac tly  what you expected? Explain,
Using a  d i f f e r e n t  body tem perature thermometer, again take your body 
tem perature, (Be sure to  d is in fe c t  th i s  thermometer, too !)
•c
Why take your body tem perature w ith two d i f f e r e n t  thermometers?
What i s  your average body tem perature? _______ *C ________
I s  th is  number what you expected? _______ Why o r why not?
Record the  average body tem perature o f 20 o th e r studen ts by name in  the d a ta  
ta b le  below.
Name *C *F
1"     How do the  numbers in
2, ■ ____________  each column compare to
3,     one another?
4  ,___________________________ _____  _____
Î :     =  =
7  . _________________________ ________________
8  ,   _____











20 .   _____
What i s  the average body tem perature o f the  f i r s t  5 students?
How does th i s  number compare to  th e  standard you expected?
What i s  the  average body tem perature f o r  a l l  twenty students? __________
How does th i s  number compare to  the  standard of 37*0 or 98,é*F ?
Explain how you th in k  te x t  books came up w ith  the  f ig u re  o f 98,6*F as the 
standard body tem perature fo r  humans?
2.10
G etting  the Idea*
A VARIABLE i s  an observation  th a t  can have d i f f e r e n t  va lu es. 
In d iv id u a ls  vary in  many ways, includ ing  th e i r  body tem peratures.
Expanding the  Idea:
A kilogram  i s  1000 grams. Keeping your shoes on, weigh y o u rse lf  on 
the bathroom sca le  marked in  kilogram s. Record your weight below and a lso  
on the  the chalkboard,
■_______ kg.
Using th e  c la s s  d a ta , record  the t o t a l  number o f  people in  each weight 
in te rv a l  l i s t e d  below,
34  -  40 kg, ______ people
4 1 - 4 6  kg, ______
47 -  53 kg. ______
5 4  -  60  kg, ______
61 -  66 kg, ______
67 -  73 kg, ______
7 4  -  80 kg, ______
Compare the "data ta b le "  arrangement above to  the  "raw da ta"  l i s t e d  on the 
chalkboard. In  what way i s  the  d a ta  ta b le  arrangement b e tte r?
Use e i th e r  th e  raw d a ta  l i s t  on the  chalkboard o r your da ta  ta b le  to  
f in i s h  the  b a r graph s ta r te d  below, *
♦ NOTE: D on't l e t  the  f in a l  h e ig h t,o f  each b a r go above the  to ta l s
l i s t e d  in  your d a ta  ta b le .  You a lready  have a h e a d s ta rt on 
some of the  b a rs .
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What i s  th e  l ig h t e s t  w eight in te rv a l  w ith  anyone in  i t ?
What i s  th e  heav iest?
Which one w eight in te rv a l  b e s t  re p re se n ts  a l l  th e  people in  th is  
c la ss?  ______________
Compare yonr b a r graph (ca lle d  a histogram ) to  your data  ta b le .  How i s  the  
bar graph b e tte r?
Does your w eight vary  from th a t  weight? __________ I f  so, how?
What a re  th ree  human v a ria b le s  o th e r  than w eight and body tem perature?
investigation 4
2.12
An EXPERIMENT i s  a time when f a c ts  a re  gathered to  help  us f in d  ou t something 
or to  solve a problem.
G athering Data:
Obtain a "stopper popper" from the teacher and determ ine how i t  works, 
SAFETY NOTE: Do no t p o in t i t  a t  anyone, however, even i f  you th ink  they a re
out o f range!
L is t  a l l  o f the  v a ria b le s  you can th ink  o f which m ight a f f e c t  the  range o f  the 
stopper popper:
In  o rder to  answer the question  "How does the angle o f the stopper popper a f f e c t  
i t s  range?" we a re  going to  do a s e r ie s  o f experim ents.
Which v a ria b le  w i l l  have a d if f e r e n t  value fo r  each try ?  ________________________
Explain in  d e ta i l  how you w i l l  keep each of your o th e r v a ria b le s  the same fo r  
each t ry .
Why i s  i t  necessary  to  keep a l l  of the v a ria b le s  b u t one the  same fo r  each t r y  
o f the  se rie s?
2,13
Record the  f l i g h t  d is tan ce  you measure fo r  each angle to  the  n e a re s t l / lO  of 
a m eter. Test each angle a t  l e a s t  two tim es. Then f ig u re  the  average f l ig h t  
d is tan c e  fo r  th a t  ang le .
Stopper popper angle 




70  degrees 
80 degrees
F lig h t  D istance 
(to  the n e a re s t 
l /lO  o f a m eter)
là-  JL iZ _ _ _ _
Average
F lig h t
Distance
3.6
Report your r e s u l ts  to  the  teach e r ^  he asks f o r  them and observe the board 
a s  he dem onstrates the procedure fo r  making a l in e  graph.
On the  graph squares below, co n stru c t a l in e  graph of the  r e s u l ts  of your 
experim ents,
2.14
One of the  b e s t  b e n e f its  o f drawing a graph to  summarize an experiment 
i s  th a t  i t  allow s us to  PREDICT the r e s u l ts  on experim ental t r i a l s  th a t  we 
have n o t y e t done.
From your l in e  graph, p re d ic t the  d is tan ce  the stopper would t r a v e l  i f  the 




Put a ta rg e t  box a t  the  p red ic ted  range fo r  55 degrees and see i f  your stopper 
h i t s  i t ,  as  p red ic ted ,
How w ell d id  th is  work?
Can you p re d ic t what angle you would need to  h i t  a b o x ________m eters away?
(HINT: Use your g raph ,)
Now t r y  i t .  How w ell did you do?
2,15
G etting  the  Idea*
A CONTROLLED EXPERIMENT I s  one in  which a l l  f a c to rs  a re  id e n t ic a l ,  except 
the  one being te s te d .
The fa c to r  which the experim enter chooses to  v a iy  i s  the INDEPENDENT 
VARIABLE o r trea tm en t.
The e f f e c t  o f the independent v a ria b le  (which must be measured) i s  c a lle d  
the  DEPENDENT VARIABLE,
What was the  independent v a ria b le  in  your stopper popper experiment?
What i s  an example o f  a v a riab le  which was "con tro lled"  (kep t the  same) 
throughout the stopper popper experiment?
What was the  dependent v a ria b le  in  the  stopper experiment?
Why do you th in k  i t  would be alm ost im possible to  have 100$ accuracy 
in  p red ic tin g  events from a co n tro lled  experiment?
Expanding the Idea:
A s c ie n t i s t  i s  o ften  compared to  a d e te c tiv e  so lv ing  a m ystery. However, 
guessing alone i s  n o t enough. S c ie n t if ic  guesses must begin w ith  the fa c ts  
and must then be confirmed by te s tin g  (or EXPERE'IENTING), In  o ther words, 
a s c ie n t is t  must always back up h is  guesses w ith  evidence.
For example, you re c e n tly  weighed y o u rse lf  using the  m etric system 's u n it  
o f  w eight, the gram, (Because th e re  were thousands of these, you recorded your 
w eight in  k ilo grams, )
Based on your p a s t experiences you should a lready  have an idea  o f how a 
p e rso n 's  he igh t r e la te s  to  h is  o r her w eight. W rite down what you th ink  th a t  
re la tio n sh ip  i s .
2.16
To g e t more s p e c if ic , i s  th a t  re la tio n sh ip  a lso  a ffe c te d  by the  sex o f 
the  person?
In  what way? (HINT: How w i l l  you expect a  gro up o f  teen-aged boys to  
compare to  a groiq: o f g i r l s  o f about the  same he igh t?)
A good s c ie n t i f i c  guess o r HYPOTHESIS i s  te s ta b le  w ith  an experim ent.
Describe what needs to  be done to  t e s t  your hypothesis above, using our c la s s  
fo r  your d a ta .
What a re  some o f the  v a ria b le s  th a t  you need to  co n tro l in  your suggested 
experiment?
2.17
In  o rder to  t e s t  your hypothesis about h e ig h t and w eight, we a re  going to  
have your la b  p a rtn e r  use p en c il (no t pen) to  pu t a small mark on th e . w all, 
making i t  even w ith  the  top  o f  your head. Keep your shoes on as he o r she does 
the  measuring.
Have your lab  p a rtn e r measure th is  h e ig h t in  cen tim ete rs . Also have him 
su b tra c t the  th ickness o f  one o f you r  shoe heels  befo re  you record your 
he igh t below,
_______  cm, = h e ig h t w ithout shoes
(as measured by p a rtn e r)
From the same p en c il mark on the  w a ll, you measure your own he igh t in  
cen tim eters and again  su b tra c t your heel th ickness a s  you record  your r e s u l t  
below,
________ cm, = h e ig h t w ithout shoes
(as measured by me)
Compare these  two he igh t v a lu es .
Why might th e re  be d iffe re n c e s  between them?
Average the  two h e ig h t values and record  th is  average (rounded to  the  
n e a re s t cm.) as w ell as  your sex and w eight ( in  k g .) on the  "Class Data Table' 
po rtio n  of the  chalkboard and a lso  below,
_ _ _ _ _ _  = he igh t in  cm. (average)
_= w eight in  kg, (from previous lesson)
= sex
Describe which v a ria b le  was co n tro lled  in  the  in s tru c tio n s  above and how i t  
was kep t the  same.
Suggest any ways you might p u t in  co n tro ls  which w eren 't mentioned.
2,18
Observe the  procedure th e  teacher uses fo r  making a l in e  graph which has 
two l in e s  on the  same graph.
Following h is  in s tru c t io n s  and using th e  C lass Data Table, make a graph 
fo r  males and then use th e  same graph squares to  make a graph fo r  fem ales.
The average l in e s  you were to ld  where to  draw a re  based on a l l  the  people in  
each g ro tç .
How does your w eight compare to  the  average l in e  fo r  your sex? (HOTE: Be
sure to  compare a t  only your h e ig h tl)
How much heav ier or l ig h te r  than th a t  average a re  you?
How does th e  average boy who i s  I 50 cm, t a l l  compare to  the  average g i r l  
o f  the  same height?
Based on th e  average l in e  fo r  fem ales, p re d ic t  the weight of the  average 
g i r l  who i s  4 cm, t a l l e r  than  anyone in  your c la s s .
P red ic t the  h e igh t o f the  average male who weighs 55 kg.
How do boys' weights compare in  genera l to  g i r l s  o f the same height? Be 
sp e c if ic  and base your answer on tEë evidence of your graph.
How does t h i s  evidence go along w ith  the  hypothesis you wrote before the  
experiment?
Observing Fresh Water C ultures
In  th is  ex e rc ise , your c la s s  w i l l  begin sev era l sm all w ater c u ltu re s .
With these  c u ltu re s  you should be able  to  f in d  ou t many b io lo g ic a l p r in c ip le s .
Try to  keep the c u ltu re  going as long as the teach e r suggests. I f  you make 
c a re fu l observations and keep a record o f them, you w i l l  le a rn  many new ideas 
i n  b io logy, .
M aterials
One-gallon wide-mouth j a r  
Cover fo r  j a r  
Masking tape fo r  la b e l
Procedure
Clean the  j a r  thoroughly. Wash i t  w ith  soap, o r a d e te rg en t, and then 
r in se  i t  severa l tim es w ith  tap  w ater. A fte r drying the  ou tside  o f the  j a r  
thoroughly, p lace a la b e l  on i t .  On th e  la b e l  pu t your’ name, th e  d a te , and 
the  inform ation abou t  where the  m ate ria l in  th e  j a r  came from.
Prepare th e  con ten ts o f the  j a r  using one o f th e  methods l i s t e d  below.
When completed, th e  j a r  should be about tw o-th ird s f u l l .  Remember to  record 
what you have done on the la b e l ,
A, Place th ree  handfuls o f g rass and leaves from a dried-up  d itc h
in to  the  j a r .  Add w ater from a pond, r iv e r ,  o r  la k e ,
B, Put m a te ria l d i r e c t ly  from the  pond, r iv e r ,  o r  lake  in  the  j a r .  This 
might include p la n ts , s n a i ls ,  mud, decaying m atte r, o r f lo a tin g  m a te ria ls . 
Add w ater from a pond, r iv e r  o r la k e ,
C, Place th ree  handfuls of g rass or leaves fro  m d if f e r e n t  p laces in
the  j a r .  Add tap  w ater th a t  has been allowed to  stand in  the  open a i r
fo r  a t  l e a s t  24 hours.
Cover the  j a r  w ith  a lo o s e - f i t t in g  cover, A p iece of g la ss  w il l  work w e ll. 
You may use the  j a r ' s  cover, bu t be sure th a t  i t  i s  n o t screwed on t ig h t ly .
Place the  j a r  in  a w e ll- lig h te d  p lace , b u t not in  the  d i r e c t  su n lig h t.
You w il l  be using your w ater c u ltu re  a t  d i f f e r e n t  tim es. Discuss w ith  
your lab  p a rtn e rs  how you w i l l  keep records o f a l l  your observations. Prepare 
a sp ec ia l sheet in  your notebook on which you can keep a l l  of your observations.
Examine the  ja r s  fo r  a few minutes during each c la s s  period th a t  the 
teacher req u e s ts . Record any changes you observe in  your notebook. Also, 
remember to  record the  da te  on which you observed these  changes.
Here a re  ju s t  a few examples o f some o f the  th ings you should be looking fo r ; 
Does a scum appear on the  surface o f the  water? Or i s  the  scum on the sides of 
the  ja r?  Does the  w ater become cloudy? Does the  m a te ria l in  the  j a r  change 
appearance? Do you n o tice  any anim als in  the ja r?  Do these  anim als move?
Chapter 15
As an activity for the entire class, the teacher has brought an assortment 
of objects for you to study. There are many similarities (or likenesses) and 
differences between the objects.
After the teacher has divided the objects into two smaller groups, see if 
you can determine what characteristic is common among all the objects in each 
group.
Next, see if you can suggest a different way of organizing these objects 
into two groups. Do not tell the class your system. Have them figure it out 
by looking at which objects you put together.
In v e s tig a tio n  1
BIOLOGY i s  the  study of l i f e .  Make a l i s t  o f  20 th ings and then s i t  down 
w ith  your la b  p a rtn e rs  and pu t these  th in g s in to  c a teg o rie s  o f l iv in g  and 
non liv ing . W rite th i s  on your own sh ee t of notebook paper,
l&ke a l i s t  o f a l l  the reasons fo r  p u ttin g  the  o b jec ts  in to  the  ca teg o rie s . 
Remember, i f  you pu t any o b jec t in to  the  l iv in g  category  fo r  a p a r t ic u la r  reason, 
you cannot put any o th er o b jec t in to  the  nonliv ing  category fo r  th a t  same reason. 
Now, recopy your item s and reasons in to  th e  ap p ro p ria te  spaces below.
Living Nonliving
Item  Reason Item Reason
At the  end of th is  in v e s tig a tio n , your exp lo ra tions should have le d  you to  have 
invented a CLASSIFICATION fo r  l iv in g  and nonliv ing  o b je c ts .
Next, pick any o b jec t in  the room and, using your c la s s if ic a t io n  system, explain  
why i t  i s  one o f the  c a teg o rie s , l iv in g  o r non liv ing .
15.2
Investigation 2
The science o f c la s s ify in g  l iv in g  th in g s  i s  c a lle d  TAXONOMY, A famous 
Greek named A r is to t le  i s  o ften  c a lle d  the  " fa th e r  of b io lo g y ,"  One of h is  
many co n trib u tio n s  to  b io logy  was to  in v en t one o f  th e  f i r s t  c la s s if ic a t io n s  
o f anim als.
Study each of the  l i s t s  o f animals below.
Group 1 Group 2 Group 3
bass b a t  o s tr ic h
clam hawk garden sn a il
penguin mosquito salamander
tadpole f ly in g  f i s h  bear
whale a n t
For what reason are  a l l  th e  anim als in  Group 1 together?
What i s  th e  same about a l l  th e  anim als in  Group 2?
What p roperty  do the  anim als in  Group 3 share?
What i s  the b a s is  f o r  A r i s to t l e 's  taxonomy o f a l l  th e  animals?
*  *  *
Over two thousand years a f t e r  A r is to t le ,  a Swedish s c ie n t i s t  named 
Carolus Linnaeus decided to  c la s s i f y  anim als in  a d i f f e r e n t  way.
Someone fa m ilia r  w ith  L innaeus' c la s s i f ic a t io n  system would separa te  th i s  
same l i s t  o f anim als in to  the  follow ing c a teg o rie s ;
garden a n t  bass salamander o s t r ic h  whale
sn a i l  mosquito f ly in g  tadpole hawk bear
clam f i s h  penquin b a t
What i s  one common p roperty  th a t  the  anim als in  group 5 share?
What are  some of the p ro p e r tie s  th a t  made gro up 2 d i s t in c t  and separate  from 
the o ther groups?
How i s  Linnaeus' way o f sep ara tin g  groups d i f f e r e n t  from A r is to t le 's ?
Linnaeus considered h is  animal taxonomy to  be more h e lp fu l fo r  studying the 
anim als than A r i s to t le 's  c la s s i f ic a t io n  system. Explain why h is  system i s  
b e t t e r .
15.3
Getting the Idea:
Modem biological classification systems are based on similarities of 
body stmctirre. Two body parts which are similar in structure, shape, and 
origin are said to be HOMOLOGOUS.
Expanding the Idea:
(Do lab work in groups of three.)
Obtain a tray of various kinds of sea shells. Label each sea shell with 
a numbered piece of masking tape.
As you did earlier with the assorted objects, divide the shells into two
distinct groups on the basis of some homologous characteristics that they
have in common.
On the blanks below, list the numbers of the sea shells in each groiç.
Then in the space below each group, describe what characteristic(s) groigj A
had that group B did not have - and vice versa.
Sea Shells







Now subdivide group A into two smaller groups, each of which must have at 
least one distinct feature. Again list the numbers of the shells in each 
group, but note that your sea shell choices are limited to those in that one 








Obtain a c lean  sh ee t o f typ ing  paper from your teach e r. Turn i t  lengthways 
on your desk so th a t  you w i l l  have room fo r  your th e  inform ation , s e t  iç) your 
c h a r t  as sketched below. Copy the in form ation  you pu t on page 15,3 onto your 
c h a r t ,  r—" ............ üs-
Now, continue the  subdividing process f o r  each group w ith 2 o r more sea 
s h e l ls  in  i t .  Do t h i s  fo r  th e  B group too a f t e r  you have fin ish ed  com pletely 
subdividing th e  A g ro rç .
When you only  have 1 sea s h e l l  in  a "group", i t  i s  no longer a group of 
d i f f e r e n t  kinds o f sea s h e l ls .  I t  however, a rep re se n ta tiv e  o f th a t  one 
kind o f sea s h e l l .  One b io lo g ic  kind of p la n t  o r animal i s  c a lle d  a  SPECIES,
On your c h a r t , give each species an im aginary name when i t  i s  th e  only 
sea s h e l l  in  i t s  group. Here i s  an example;
^go ld  co lo r )
#8 #2, #5
(sho rter than 1 cm)(Longer th a n l  cm,)
Golden S na il / \
#2 /  \  #5
( ) ( )
Once you have f in ish e d  your c h a r t  and named each species, take th e  number 
la b e ls  o f f  each sea s h e l l .  Trade your sea s h e l l  t r a y  and your s h e ll  c la s s if ic a t io n  
c h a r t  w ith  a neighboringr group o f s tu d en ts . Use th e i r  c la s s i f ic a t io n  c h a rt 
to  determ ine (w ithout asking them) which name matches each s h e l l .  Then ask  them 
to  check your answers to  see how w ell you did  a t  using th e i r  c la s s i f ic a t io n  c h a r t. 
T e ll them any id eas  you have fo r  improving th e i r  c h a r t .
Trade w ith  a t  l e a s t  2 o th e r  groups and id e n t i fy  th e i r  s h e l ls  as b e s t you can.
What a re  some o f the  fe a tu re s  o f a poorly-made c la s s if ic a t io n  system?
How could your c la s s i f ic a t io n  c h a rt be improved, based on the suggestions 
o f the  o th er s tuden ts who used i t ?
15.5
Homework Assignment
In this activity you will use a classification system that has already 
been prepared bv a biologist. Its purpose will be to help you identify 
unfamiliar specimens.
Why do you think such charts are usually called "keys" by the biologists?
You will need to choose whether to collect leaves or insects. Your 
object is to have representatives from eight of the ten groups shown on the 
key, whether insects or plants.
To use either of the keys to identify your specimens, start at the top 
with a specimen you have collected. Work your way down through the choices 
by comparing them to your specimen. If you collect insects, you will soon 
arrive at a scientific name for the group to which that insect belongs. If 
you collect leaves, You will arrive at a short list of common names, one of 
which probably is the name of that plant. If you wish, you may use other, 
more detailed keys to search out the actual name for that specimen. This will 
be optional, however.
You must then follow more detailed instructions from the teacher on 
preserving and displaying your specimens. On each display, you will need to 
label the specimen, identifying it by name (as well as you can) and describing 
when and where you found it.
APPENDIX B 




1. The main concern o f  e a r ly  b io logy  was m ainly what?
2. What Greek s c i e n t i s t  and p h y sic ian  c o n tr ib u te d  much to  th e  a rea  o f 
anatomy?______________________'
3. The study o f  the s tru c tu re  o f  organisms i s  ____________________ .
4. Anatony had i t s  beginning as humans t r i e d  to  t r e a t  what?_
5. An e s p e c ia lly  e x c it in g  p e rio d  fo r  b io logy  was th e  l a t e  __
6 . A ll th in g s  ( liv in g )  are  composed o f  t in y  u n i ts  c a lle d  ___
7. Louis P as teu r d iscovered  t in y  l iv in g  th in g s  he c a lle d
8 . An A u strian  Monk d iscovered  th e  b a s ic  laws o f  h e re d ity . His name was
9. The f in d in g s  o f P a s teu r  and Mendel were e x p e c ia lly  im portant because
 _____________(9 words)
10. Name th re e  dreaded d ise a se s .
(1) C2) (3)
11. Who p reven ted  p o lio ?  ______     When?
12. Who d iscovered  th e  chemical s tr u c tu re  o f  th e  g e n e tic  message? 
  & _    .
13. One o f th e  most im portan t fa c to rs  in  good sc ien ce  i s  what?__
______ __________________ (4 words)
14. A s c i e n t i s t  a lso  has to  be à good ___ __________________
15. What 3 th in g s  must a s c ie n t i s t  and a d e te c tiv e  do?
(1 )__________________________ _ { 2  words) (2 ) (2 words)
(3)______________ •  (10 words)
16. What produces a body o f  organized  knowledge about na tu re?  __________________
17. Science, along w ith  a r t ,  m usic, b is to ry ,  a l l  invo lve w h a t ? _______________
18. Name th e  fo u r elem ents o f s c ie n t i f i c  in v e s t ig a t io n .
( 1 )   ■•■■■ ■ ( 2) . . . . .   .
C3)____________ . (4) •
19. A fact comes from
20. An observed phenomenon agreed upon by a number o f people i s  a
21. Numerical f a c ts  a re  c a lle d
22. What type o f b a c te r ia  was S i r  A lexander Fleming studying?______
23. What i s  a j e l l y - l i k e  substance used in  a c u ltu re  d ish? _______
24. What mold grew in  F lem ing 's c u ltu re  d ish? _____________________
25. What two th in g s  a re  im portan t in  o rd e r  to  o b ta in  a f in a l  answer to  
any s c ie n t i f i c  problem? (1 )   (2 ) _____________________
26. Name 3 c re a tiv e  a c t i v i t i e s  used in  th e  book. (1)
(2) (3)
27. When a s c i e n t i s t  develops an id ea  from the  f a c t s ,  t h i s  s ta tem en t i s  
c a lle d  an _________________  .
28. A good hypo thesis  does two th in g s . They a re :
(1)_______________________ (2 words) (2) (3 words)
29. A good hypo thesis  must undergo what?  _______ _
30. S c ie n t i f ic  te a s t in g  i s  known as what? _______________________
31. An experim ent in  which a l l  th e  f a c to rs  a re  id e n t ic a l  except fo r  one 
i s  what type o f  e^^erim ent? _________
32. In a c o n tro lle d  e j^ e rim en t, the  f a c to r  te s te d  i s  ca lled ?____________
33. The group which re ce iv e s  th e  v a r ia b le  f a c to r  i s  c a lle d  the
34. When a fundam ental hypo thesis  has surv ived  the  t e s t  o f  tim e, i t  i s  
ca lled ?  ____________________
35. What i s  th e  u n iv e rsa l language o f numbers and measurement c a lled ?
36. Which i s  more lo g ic a l ,  th e  m etric  system o r th e  E nglish  system?
37, • The m e tric  system  i s  what type o f system?
38. What i s  the b a s ic  u n i t  o f len g th  in  th e  m e tric  system?
39. One m eter equals . ____   in ch es .
40. Which i s  lo n g er, a  m eter o r  a yard? .
41. A rod equals  haw many yards? '
42 . Name th e  fo u r m ajor p re f ix e s ' o f  th e  m etric  system?
(1) _ (2 ) (3) (4)_
43. What i s  th e  measurement o f g ra v i ta tio n a l  a t t r a c t io n ? ________  (m etric)
44. What i s  th e  amount o f  m a te r ia l in  an o b jec t?  ______ _
45. What in strum en t i s  used to  measure mass? .___________ _____
46. The b a s ic  u n i t  o f  mass in  th e  m e tric  system i s  th e  . ______________
47. One k ilogram  equals how many pounds? ......
48. The u n i t  o f  l iq u id  volume in  the  m e tric  system  i s  . ____ .
49. One l i t e r  equals how many q u arts?
50. S c ie n t is ts  use what sc a le  to  measure tem perature? ___ _ _________
51. W rite th e  form ula to  convert F ah ren h eit to  C e ls iu s .
52. What i s  th e  form ula to  convert C elsiu s  to  F ahrenheit?
53. Does th e  m etric  system have a u n it  fo r  time?
Converting Temperatures from F ahrenheit (F) 
to  C elsiu s  (C) and C* to  F*
A c tiv ity  (1) Complete th e  follow ing usin g  th e  form ulas below o r using  
the  comparison thermometer on page 2 o f th i s  s e c tio n .
1 . 205* C = *F
2 . 11" C = *F
3. 115" C = *F F = 9/5 C + 32
4. 45* C = *F C = 5/9 (F -  32)
5. 0* C = *F
6 . 140* F = *C
7. 95* F = * c
8 . 104* F = * c
9. 131* F = * c
LO. 77* F = * c
(2 ) Match the follow ing tem peratures w ith  the  ap p ro p ria te
1 . 100*C. A. Normal body tem perature
2 . 2*C. B. B oiling  tem perature o f w ater
3. 39*C C. Freezing tem perature o f  w ater
4. 98*C D. Almost freez in g  tem perature
5. -18 *C E. Almost b o il in g  tem perature
6 . 175 *C F. Temperature o f a sixk  person
7. 0*C G. Skiing tem perature
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To change F- t e  C*
C = 5/9 X (F-32)
Example; Change 75* F to  C‘ 
C = 5/9 X (F-32)
C = 5/9 X (75-32)






C = 215/9 
C = 23.9*










To change F* to  c "
F = 9 /5  X C + 32
Example: Change l O O ' c  to  F'
F = 9/5 X C + 32
F = 9/5 X 100 + 32 
20
F = 9 /2  X ZPP/1 + 32 
1
F = 180 + 32 
F = 212'C 
100‘F = 212*C
é
Temperature U nit 
Answer th e  follow ing q u e s tio n s .
1. The thermometer reads 15*C, W ill th e  outdoor swimming pool be open?
2. A cup o f  h o t chocolate  i s  50*C. W ill i t  bum  your tongue? _____
3. Your body tem perature i s  40*C. Are you s ick ?  _____
4. The tem perature o u ts id e  i s  0*C. I s  i t  sa fe  to  sk a te  on the  pond? __
5. The tem perature  i s  35'C , Would you go s led d in g  o r  swimming? _________
S e le c t th e  ap p ro p ria te  tem p era tu res .
6 . o*C i s  th e  same as A. 32*F B. O F
7. A h o t cup o f  apple c id e r  would be A. 55 C B. 105'C
8 . The tem perature  o f a p o p s ic le  i s  A. - 6 ‘C B. -7 0 *C
9. Water polo  i s  played a t  A. 30*C B. 10*C
10. Water b o i l s  a t  A. 200'C B. 100*C
11. Your normal body tem perature i s  A. 37*C B. 98*C
12. You would w ater your lawn a t  A. 7*C B. 25'C
13. Water f re e z e s  a t  A. 32*C B. 0*C
14. You would wear a heavy co a t a t  A. 15*C B. 1*C
15. A com fortable room tem perature i s  A. 20*C B. -2 0 ‘C
Naine_
Chapter Two Test
1. Name th e  4 elem ents, o f  s c ie n t i f i c  in v e s tig a tio n *  (1)
(2)  (3)    (4);
2. What i s  a body o f  organ ized  knowledge about n a tu re?  _
3. What i s  th e  study o f  the  s tru c tu re  o f organism s?
4. Who p reven ted  p o lio ?
5. Anatomy had i t s  beginning as humans t r i e d  to  t r e a t  what?
6 . Name the  th re e  dreaded d isea ses  • (from -the worksheet)
(1) (2) (3)
7. What two people d iscovered  th e  chem ical s tru c tu re  o f th e  g en e tic  message?
(1)  (2)  _____
8 . The most im portan t f a c to r  in  good sc ien ce  i s  what? ______________________
9. In  a  c o n tro lle d  experim ent, the  f a c to r  being te s te d  i s
10. The b a s ic  u n i t  o f  mass in  th e  m e tric  system  ? _________
11. What i s  a j e l l y - l i k e  substance used f o r  the  growth o f organisms?_____
12. P as teu r d iscovered  t in y  l iv in g  th in g s  c a lle d ?   ________________
13. What 2 th in g s  a re  im portan t in  o rd e r to  o b ta in  a f in a l  answer to  any
s c ie n t i f i c  problem? (1 ) (2 )
14. The group t h a t  re c e iv e s  the v a r ia b le  f a c to r  i s  ca lled ?
15. What two th in g s  does a good hypo thesis  do?
(1 )   ( 2 )
16. Name 3 c re a tiv e  a c t i v i t i e s  used on th e  w orksheet: (1)
(2) (3)
17. A f a c t  comes from what? / ' •
h ■
18. When a, fundam ental hypo thesis  has çturviyed. th,e t e s t  o f  tim e, i t  i s  
ca lled ?  ___________  '
19. The m e tric  system i s  what type o f  system? ' . _ ..
20. One k ilogram  equals how many pounds? ........
21. W rite th e  form ula to  convert ' __________
C els iu s  to  F ah ren h e it;
22. W rite the  form ula to  convert ................ .........  ....................
F ah renheit to  C e ls iu s :
23. What i s  th e  b a s ic  u n it  o f  le n g th  in  th e  m e tric  system?  ______
24. What i s  th e  amount o f  m a te r ia l in  an o b je c t c a lle d ?  ______
25. A good hyp o th esis  must undergo what? .
26. An observed phenomenon agreed upon by a  number o f people i s  ca lled ?
27. When a s c i e n t i s t  develops an id ea  from the  f a c t s ,  th i s  sta tem en t i s  
c a lled ?  _______________________ __
28. S c ie n t i f ic  t e s t in g  i s  known as what? ........ ....................................
29. What mold grew in  Flem ing’s c u ltu re  d ish?  _________
30. Name th e  4 m ajor p re f ix e s  o f the  m e tric  system?
(1) (2) (3) (4)
31. What i s  th e  u n iv e rsa l language o f  numbers and measurements ca lled ?
32. What a re  num erical f a c ts  c a lled ?  ________
33. Who d iscovered  th e  b a s ic  laws o f h e red ity ?
34. Name a type o f  b a c te r ia .  '
35. What i s  th e  b a s ic  u n i t  o f time?
Name___
Chapter Fifteen Worksheet
1. What i s  th e  science o f c la s s i fy in g  l iv in g  th in g s  ca lled ?
2. How d id  A r is to t le  c la s s i f y  anim als? ___________________
3. How d id  A r is to t le  c la s s i f y  p la n ts?   ______________________
4. Can common names be used in  c la s s i f ic a t io n  (yes o r  no)
5. What two major groups d id  A r is to t le  break a l l  l iv in g  th in g s  in to ?
(1 )   (2 ) _______________
6 . Each major group was subdiv ided  in to  how many subgroups? _________
7. How were p la n ts  c la s s i f ie d ,  what groups? (1)
(2) (3)
8 . In  what c la s s  were p la n ts  w ith  a s in g le  woody stem?
9. In  what c la s s  were p la n ts  w ith  s o f t  stems? _________
10. In  what c la s s  were p la n ts  w ith  sev e ra l sm all, woody stems? ______________
11. How were animals grouped?
12. What was th e  one m ajor c r i t ic is m  o f A r i s to t l e 's  system o f c la s s i f ic a t io n ?
13. What method o f grouping organisms do b io lo g is ts  use today? _______________
14. Linnaeus' system o f c la s s i f ic a t io n  was based on what?
15. What was Linnaeus' system o f c la s s i f ic a t io n  c a lled ?   
16. Linnaeus system used how many terms? _____________
17. What language d id  Linnaeus use? ,
18. A noun i s  used to  id e n t i fy  what?
19. An a d je c tiv e  i s  used to  id e n tify  what?
20, I s  th e  f i r s t  l e t t e r  o f  th e  noun o r admective c a p ita liz e d ?
21. Each organism -is - named by what two th in g s?  (1)
C2)
22. Most c a ts  belong to  what genus?
23. What theory  a lso  p lay s a p a r t  in  c la s s i f ic a t io n  o f organisms?_
24. The m ajor b a s is  o f  c la s s i f ic a t io n  i s  what?
25. Besides homologous s tru c tu r e s ,  what e lse  can help  id e n tify  an organism?
26. What i s  becoming in c re a s in g ly  u se fu l in  taxonomy?
27. Which name i s  most s p e c if ic ?  _____________________
28. Name th e  groups o f complete c la s s i f ic a t io n ,  going from g en era l to  more 
sp e c if ic ?  (1) (2) (3)
(4) (5) (6) (7)
29. Name th e  th i r d  kingdom?
30. What organisms are  p laced  in  th e  th i r d  kingdom?
31. What i s  th e  fo u rth  kingdom?  _______
32. What organisms a re  p laced  in  th i s  kingdom? ______
33. C la ss ify  a dog and a human in  th e  space below;
D ivision Dog Human
Name
Chapter Fifteen Test
1. Most c a ts  belong to  what genus?
2 . What theory  a lso  p lay s  a p a r t  in  c la s s i f ic a t io n  o f  organism s?
3. L innaeus' system o f  c l a s s i f ic a t io n  i s  based on what? _________
4. What language d id  Linnaeus use in  h is  system  o f  c la s s i f ic a t io n ?
5. What two m ajor groups d id  A r is to t le  break a l l  l iv in g  th in g s  in to ?
(1 )  ̂  (2 )
6 . A r i s to t l e 's  two m ajor groups can then  be d iv id ed  in to  how msuiy 
subgroups?
7. C lass ify  p la n ts  in to  3 groups: (1) (2) (3)
8 . Each organism i s  named by what two th in g s?  (1)
(2 ) ________________________________
9. What i s  th e  fo u rth  kingdom?
10. The m ajor b a s is  o f  c l a s s i f ic a t io n  i s  what?
11. An a d je c tiv e  i s  used to  id e n t i fy  genus o r  sp ec ies?
12. L innaeus' system o f  c l a s s i f ic a t io n  uses how many terras?
13- In what c la s s  a re  p la n ts  w ith  s in g le  woody stems? _____
14. Each organism i s  named by what two th in g s?  (1) (2 )
15. What i s  th e  sc ience  o f c la s s ify in g  l iv in g  th in g s  ca lle d ?  _ _ _ _ _ _ _ _ _ _ _
16. In what c la s s  a re  p la n ts  w ith  se v e ra l sm all, woody stems?
17. What i s  th e  th i r d  kingdom? •
18. Name the  groups o f  complete c l a s s i f i e  a t io n ,  going from g en era l to  more
s p e c if ic :  (1 ) ...............................  (2 )  . . .  (3) .
C4) _ (5) . C6) (7)
19. In what c la s s  a re  p la n ts  w ith  s o f t  stems?
APPENDIX C. 
CONTENT EXAMINATIONS
FO R M ________
3I0LCGY I  TEST 
#1
Answer th e  q u es tio n s  on your answer sh e e t which has been p rov ided . Do NOT 
w rite  on th e  t e s t ,  p le a se ,
1, In  th e  c i ty  zoo, th e re  a re  6 l io n s ,  12 s e a ls ,  10 zeb ras, 6 b e a rs ,
535 b i rd s ,  and 55 h o rses . These a re  examples of
A, ecosystems 
3, food chains
C, in d iv id u a ls
D, p o p u la tio n s
2 , You go to  a f i e ld  and mark o f f  an a rea  o f 100 square f e e t .  Next you
c ap tu re  and weigh every  l iv in g  p la n t  o r  anim al in  th a t  a re a , 'î That have you
measured abou t th e  area?
A, biomass
B, b io t ic  p o te n t ia l
C, p ro d u c tiv ity
D, b io lo g y
3, Which o f th e  fo llo w in g  a re  n o t organisms?
A, human beings
B, F e l i s  concolor
C, g ra n ite  rocks
D, sunflow er p la n ts
Use th e  diagram  below to  he lp  answer th e  fo llow ing 5 q u e s tio n s ,
— 3rd  Order Consumers 
— -  2nd Order Consumers 
—  1 s t  Order Consumers 
— Producers
4 , The energy pyramid above m ain ta in s i t s  shape only  by excluding
A, p la n ts
B, decomposers
C, ca rn iv o re s
D, h e rb iv o res
3 , What is on the first consumer level in the pyram id?
A, c a rn iv o re s  




5, What i s  the r a t i o  o f 2nd order consumers to  producers?
(Put your answer on th e  blank provided on the  answer key)
7 . W easels e a t  m ice. I f  60 mice weigh 25 grams each, how many grams of
energy cou ld  they  supply to  a w easel?
(Put your ansvrer on the b lank provided on the answer key)
8 . What do we c a l l  an anim al th a t  re g u la r ly  e a ts  b o th  p la n ts  and anim als?
A. h e rb iv o res  
3. c a rn iv o res
C, scavengers
D, omnivores 
3 , o a r a s i te s
9. How does new energy e n te r  an ecosystem?
A, scavenger organisms 
3, rep ro d u c tio n  o f organisms
C, d ig e s t io n  in  consumers
D. p a r a s i t i c  b a c te r ia
3 , p h o to sy n th es is  o f  green p la n ts
10, Members o f the  c lo v e r popu la tion  a re  consumed by members o f the mouse 
p o p u la tio n . Some o f the mice a re  ea ten  by members o f  a w easel 
p o p u la tio n . Some of the w easels a re  in  tu rn  consumed by e a g le s . 
This re p re se n ts
A, biomass in v e rs io n
B, food web
C, p o p u la tio n  d isp e rs io n
D, food chain
11, Which of the following is an example of a 1st order consumer?
A, a mold growing on a lo g  
3, a hawk ea tin g  a mouse
C, a  mouse ea tin g  a le a f
D, a b a c te r ia  ea tin g  a dead hawk
The nex t s ix  q u es tio n s  a re  based on th e  fo llow ing  diagram ;
Spiders
-V Coyotes
In s e c t- e a t in g  
b ird s
Frogs In se c ts
Pocket Gophers
/  i SnakesRabbits Hawks
Î Î
— S hrubs > S eed -ea tin g  b ird s
& G rasses
Deer
12, In  t h i s  diagram , the  hawk would be a 3rd o rd e r  consumer i f  he a te
A, a grasshopper
B, a snake
C, a r a b b i t
D, a pocket gopher 
3 , none o f the  above
13 . S p iders  and snakes are  b e s t  c l a s s i f ie d  as
A, producers
B, prim ary consumers
C, secondary consumers
D, t e r t i a r y  consumers
14, The r o le  o f the  shrubs and g ra sse s  in  the diagram i s  b e s t  d esc rib ed  as
A, an anim al s h e l te r
B, a source o f seeds
C, a source o f energy
D, a p lace  fo r  n e s ts  
S, a source o f  shade
15 . In  term s o f numbers o f in d iv id u a ls ,  you would expect to  f in d  more
A. ra b b i ts  than  shrubs
B. fro g s  than  in se c ts
C. coyotes than  ra b b its
D, gophers than  snakes 
S, hawks than  deer
16 , I f  a d rough t occu rs, which o f th e  fo llow ing  p a ir s  o f  anim al p o p u la tio n s  
would p robably  d e c lin e  f i r s t ?
A, r a b b i ts  and deer 
3 , l i c e  and coyotes 
C, f ro g s  and hawks
D, in s e c t- e a t in g  b ird s  and snakes
E, snakes and l i c e
1?, Which o f the fo llow ing  ends a food chain?
A. ca rn iv o res  
3, herb ivores 
G, oznivores 
D, p a ra s i te s  
2 , decozcosers
The next two q u es tio n s  use t h i s  diagram :
■3 square fo o t  sample 2 f e e t
2 f e e t
18, In  the  sample a rea  above, I 5 earthworms were coun ted . The a rea  sampled i s
A, one h a l f  (1 /2 ) o f  the t o t a l  a rea
3. one fo u rth  (1 /4 ) of the t o t a l  a rea
C, one e ig h th  (1 /3 ) o f the  t o t a l  a rea
D. one s ix te e n th  ( I / I 6 ) o f the  t o t a l  a rea







20, A one ac re  a rea  can o n ly  support 10 h e a lth y  r a b b i ts ,  assuming th e re  a re  no 
p red a to rs  o r p a r a s i te s .  Which term  b e s t  d e sc rib e s  th i s  idea?
A, c a rry in g  c a p a c ity
B, p o p u la tio n  d e n s ity
C, n a t a l i t y
D, clim ax community
21, Hats tra n sp o rte d  by sh ips to  Krakatoa have, a t  tim es, overrun the  is la n d .  
This i s  because
A, the p la n ts  on th i s  v o lc an ic  s o i l  a re  e s p e c ia l ly  n o u rish in g
3. r a t s  have a low b io t ic  p o te n t ia l
C, the v o lcan ic  gases a re  poisonous to  o th e r  anim als
3. sh ip s  in tro d u ce  la rg e  numbers o f new r a t s  each year
D, th e re  a re  no n a tu r a l  enemies to  c o n tro l  th e  r a t  popu la tion
22, ',;hat w i l l  most l i k e l y  happen i f  two d i f f e r e n t  sp ec ies  o f anim als are 
competing fo r  the same food?
A. the l e a s t  adapted sp ec ies  w i l l  e lim in a te  the  o th e r 
3 . th e  most adap ted  sp ec ies  w i l l  e lim in a te  th e  o th e r
C, a s in g le ,  new sp ec ie s  w i l l  be produced from the
two o r ig in a l  sp ec ies
D, b o th  sp ec ie s  w i l l  su rv ive  in  sm all numbers
2 3 t Which o f  th e  fo llow ing  could be considered  as  the  on ly  unnecessary 
p a r t  o f  a b io lo g ic a l  community?
A, green  p la n ts
3 . s u n lig h t
C, decomposers
D, an im als
2^, In  a few decades, the o f fs p r in g  from j u s t  one p a i r  o f  e lep h an ts  could
produce thousands o f  e le p h a n ts . Which term  d e sc rib e s  t h i s  p o s s ib i l i ty ?
A, c a rry in g  c a p a c ity
3 , éco lo g ie  succession
C, b io t i c  p o te n t ia l
D, b io lo g ic  d iv e r s i ty
25i In  th e  e a r ly  sp rin g , some chem ical w astes were dumped in to  a pond. I t  
k i l l e d  a l l  th e  mold, b a c te r ia ,  y e a s ts ,  and o th e r  types o f decomposers, 3y
the  end o f the summer, members o f  th e  bass p o p u la tio n  o f the pond began to  d ie ,
What i s  th e  most l i k e l y  reason  f o r  th e  bass deaths?
A, The chem ical th a t  k i l l e d  th e  decomposers a lso  k i l l e d  the b a ss ,
3 , The bass  had used the decomposers as  a food source . S ince the
food i s  no lo n g er a v a i la b le ,  the bass s ta r /e d ,
C, Sass a te  the  poisoned decomposers and poisoned them selves.
D, The dead decomposers could  no lo n g e r re c y c le  n u tr ie n ts ,  so the
p ro d u c tiv i ty  o f the  pond dropped to  n ea r zero ,
26 , A p h y s ica l p r in c ip le  s ta t e s  th a t  energy conversions always involved  an 
o v e ra l l  change from co n cen tra ted  to  d isp e rse d  form. In  o th e r  words, changing 
one kind o f  energy in to  an o th er i s  never lOO'  ̂ e f f i c i e n t .  B est evidence o f 
t h i s  i s  th a t
A, Small organisms use food f a s t e r  than  la rg e  ones,
3, Food chains a re  u s u a lly  l im ite d  to  fo u r  o r f iv e  l in k s ,
C, Old people p u t on w eigh t,
D, Dead anim als decay in to  m in e ra ls .
The nex t fo u r q u e s tio n s  a re  based on th e  fo llo w in g  diagram  th a t  p lo ts  the 
growth o f a lg ae  type X, They were p laced  in  a s in g le  f la s k  c o n ta in in g  pond 








27 . A t what s ta g e  in  th e  p o p u la tio n  curve i s  th e re  a b a lan c in g  o f th e  b i r t h  







23. At what s tag e  in  th e  p o p u la tio n  curve a re  the  co n d itio n s  b e s t  f o r  th e  
maximum amount o f growth?
A. I  
3. I I
C. I l l
D. IV
29 . I f  some f e r t i l i z e r  was added a t  th e  end o f Phase IV, what would most 
p robab ly  happen to  th e  s iz e  o f  th e  popu la tion?
A. a l l  a lg a e  would d ie  
3 , no th ing
C. l e v e l  o f f
D, in c re a se
E. d ec rease
30. What could  account f o r  th e  slowing down o f th e  growth r a te  a t  the  beg inn ing  
o f  Phase I I I ?
A. a d ec rease  in  a v a ila b le  w ater 
3 , a d ec rease  i n  w aste m a te r ia ls  p re se n t 
C, an in c re a se  in  a v a i la b le  space
0. an in c re a se  in  a v a i la b le  l i g h t
two
31 • An a rea  o f ground was com plete ly  s tr ip p e d  of l i f e  by a f i r e .  S ix  
months l a t e r ,  only sm all g r a s s - l ik e  p la n ts  were covering the ground. In  
y e a rs , sm all bushes were common. A fte r  ten  y e a rs , pop lar t r e e s  were covering  
th e  a re a . T h irty  y ears  l a t e r ,  th e  pop lar t r e e s  were being crowded by p ine  
t r e e s .  This orocess i s  c a lle d
A, the  l i f e  cycle
3. b io t ic  p o te n t ia l
C, ec o lo g ic a l re g re s s io n
D, éco log ie  su ccessio n
32 , what do we c a l l  an in te rd e p e n d e n t system of p la n ts  and anim als which 
remain r e l a t iv e ly  unchanged over a long  p erio d  o f time?
A, a montane zone
B, a clim ax community 
G, a biomass
D, an e c o lo g ic a l succession  
S, a convergent community
33, A p o p u la tio n  of c rabs which e a ts  a lg ae  l iv e s  on a seash o re . On the 
seasho re , th e re  a re  fo u r  k inds o f a lg a e : yellow , re d , brown, and g reen  a lg ae
Yellow -  Y Red -  R Green -  G Brown -  B
Dr, S a ltsp ra y , a b io lo g is t ,  i s  in te r e s te d  in  determ in ing  which o f th e  ty p es o f 
a lg ae  a re  a c tu a l ly  ea ten  by th e  c ra b s . He p lans to  f in d  o u t by examining the  
stomach co n ten ts  o f th e  c ra b s .
Before he does h is  in v e s t ig a t io n ,  he l i s t s  a l l  th e  d i f f e r e n t  com binations o f 
a lg ae  i t  i s  p o ss ib le  to  f in d  in  t h e i r  stom achs. L is t  a l l  o f those  p o s s ib le  
com binations o f a lg ae  d ie t s  ( in  the  space provided on your answer s h e e t) .  Use 
th e  l e t t e r s  Y, R, G, and 3 to  save space.
Form_______
BIOLOGY I  TEST 
#2
Answer a l l  q u estio n s on th e  answer sh e e t prov ided . Do NOT w rite  on th i s  te s t . '
1. What i s  the  o r ig in a l  source o f a l l  ou r food?
A. o n e -ce lled  anim als C. dom estic animals
B. green p la n ts  D. b a c te r ia
2. What do we c a l l  th e  u n i t  we use to  measure th e  h e a t energy values in  food?
3. Which o f  th e  foods l i s t e d  below would have th e  most energy in  a one gram 
sample?
A. lean  meat (mostly p ro te in )  C. sugar cube
B. marshmallow (mostly s ta rch )  D. peanut (mostly o i l )
4 . Several people each weigh the  same amount. Which one ty p ic a l ly  uses th e  
most energy on an average day?
A. 16 y ear o ld  male C. 25 y ear o ld  male
B. 16 year o ld  female D. 25 y ea r o ld  female
5. B ac te ria  can cause a sore  th ro a t .  A home remedy fo r  t r e a t in g  a  sore
th ro a t  i s  to  g arg le  w ith  s a l t  w ater. How does th is  trea tm en t help?
A. B ac te ria  c e l l s  lo se  w ater u n t i l  they  d ie .
B. S a l t  p ic k le s  b a c te r ia  c e l l s .
C. S a l t  coats  th e  th ro a t  so th e  b a c te r ia  c a n 't  b re a th e .
D. S a l t  w ater s to p s  rep roduction  p ro cesses in  b a c te r ia .
E. S a l t  w ater n e u tra l iz e s  th e  poisons from the germs.
6 . Aquarium p la n ts  may d ie  i f  th e  aquarium i s  n o t te s te d .  Which i s  the  
b e s t  exp lanation  fo r  th is ?
A. P lan ts  soon overpopulate and use th e  a v a ila b le  food.
B. Evaporating w ater leaves s a l t  behind which makes the
rem aining w ater too s a l ty .
C. Aquarium f is h  produce w astes which are  poisonous to
w ater p la n ts .
D. Carbon d iox ide  i s  necessary  fo r  p la n ts  b u t does n o t
spread evenly through th e  aquarium.
7. What i s  th e  movement o f w ater across  a c e l l  membrane from an area  o f 
high w ater co n cen tra tio n  to  an area  o f low w ater co n cen tra tio n  ca lled ?
A. a c tiv e  t r a n s p o r t  C. osmosis
B- d iffu s io n  D. phagocytosis
8 . A dye p a r t i c le  i s  p laced  on th e  bottom  o f  a t a l l  column o f  w ate r. Which 
w i l l  most l ik e ly  be th e  f in a l  co n d itio n  w ith in  the beaker?
A. B. C. D. ■
9. I f  drops o f blood are  added to  a 6 p e rc e n t s a l t  s o lu t io n , what happens 
to  th e  b lood c e l ls ?
A. b u rs tin g
B. sw e llin g
C. sh rin k in g
D. nothing
E. hem olysis
10. Osmosis i s  a  form o f
A. a c tiv e  tra n s p o r t
B. phagocytosis
C. d if fu s io n
D. h y d ro ly s is
11. An a r t i f i c i a l  c e l l  i s  made by f i l l i n g  a cellophane bag w ith  so lu tio n s  
o f food n u t r ie n ts .  Which o f those  below i s  most l ik e ly  to  g e t o u t o f  th e  
bag w ithou t any d ig estio n ?
A. s ta rc h
B. sugar
C. f a t
D. p ro te in
The U-shaped tube below co n ta in s  so lu tio n s  o f  s a l t  w ater sep a ra ted  by a 
membrane which s a l t  cannot go through.
A  I  I B
m — 10% s a l t5% s a l t ■
12. What w i l l  happen to  th e  w ater le v e l  in  s id e  A?
A. I t  w i l l  r i s e .
B. I t  w i l l  f a l l .
C. I t  w i l l  r i s e ,  then  f a l l .
D. I t  w i l l  f a l l ,  then  r i s e .
13. When w i l l  the w ater le v e l  remain co n s tan t on bo th  s id e s  o f th e  tube?
A. when a l l  the  w ater i s  on s id e  A
B. when a l l  the  w ater i s  on s id e  B
C. when th e  w ater co n cen tra tio n  becomes th e  same on each s id e
D. when th e  w ater co n cen tra tio n  becomes 90% on s id e  A and
95% on s id e  B
14. What i s  th e  e f f e c t  o f  a  s l i g h t  fe v e r  on enzymes w ith in  th e  stomach?
A. causes them to  work f a s te r  C. causes them to  s to p  working
B. causes them to  work slow er D. does n o t a f f e c t  th e  enzymes
15. Sucrase i s  an enzyme th a t  causes ta b le  sugar m olecuels to  break in to
sim ple su g ars . Which term  b e s t  d esc rib es  th e  ta b le  sugar in  th i s  process?
A. s u b s tra te
B. enzyme
C. p roduct
D. n u tr ie n t





17. What i s  th e  f in a l  p ro d u c t r e s u l t in g  from th e  d ig e s tio n  o f  s ta rch ?
A. amino ac id s
B. sim ple sugars
C. g ly c e ro l
D. p o ly sacch arid es
18. A substance w ith  a pH o f 2 i s  a
A. n e u tra l  s o lu tio n
B. s tro n g  base
C. weak base
D. s tro n g  ac id
E. weak ac id





% o f Enzyme A c tiv ity
100
20. Enzyme A above works b e s t  under what co n d itio n s?
A. ac id
B. base
C. n e u tra l
D. none o f th ese




D. sm all in te s t in e
E. la rg e  in te s t in e
22. The ab so rp tio n  o f th e  d ig es ted  food tak es  p la ce  alm ost e n t i r e ly  in
A. I I
B. I l l
C. IV
D. V
23. Two p a r ts  o f the  d ig e s tiv e  t r a c t  which s e c re te  ca rb o h y d ra te -d ig estin g  
enzymes a re
A. I  and I I I
B. I  and IV
C. I I  and IV
D. I l l  and V
24. Enzyme a c tio n  on f a t  begins in
A. I  ■
B. I I
C. I l l
D. IV
25. An ac id  i s  norm ally found in
. . I  
B. I l l
C.
D.
I  and I I I
I I  and IV
26. Enzymes from reg ion  I I I
A. a re  d ig e s te d  by low pH's
B. d ig e s t  both  carbohydrates
and p ro te in s
C. work b e s t  in  sm all amounts
D. work f a s t e r  during  s leep
27. What i s  th e  c o r re c t  o rd e r o f food passage through th e  d ig e s tiv e  t r a c t?
A. appendix, sm all i n te s t in e ,  co lon , rectum
B. la rg e  in t e s t in e ,  sm all in t e s t in e ,  co lon , rectum
C. sm all in t e s t in e ,  co lon , la rg e  in t e s t in e ,  rectum
D. sm all in t e s t in e ,  colon, rectum , anus
E. sm all in t e s t in e ,  co lon , duodenum, rectum
28. V i l l i  a re  p ro je c tio n s  in  the
A. la rg e  in te s t in e  which absorb n u tr ie n ts
B. sm all in te s t in e  which absorb n u tr ie n ts
C. sm all in te s t in e  which move chyme through th e  p y lo r ic  sp h in c te r
D. sm all in te s t in e  which s e c re te  enzymes
E. colon which absorb w ater
On the  r ig h t  i s  a l i s t  o f  n u t r ie n ts :  A. sugars
On th e  answer sh e e t, e n te r  th e  l e t t e r  from th i s  l i s t  B. s ta rch es
o f n u tr ie n ts  which corresponds to  each item  below. C. f a ts  and o i l s
D. p ro te in s
29. Gives a b lu e -b lack  c o lo r  w ith iod ine
30. Most p le n t i f u l  n u t r ie n t  in  w hite bread
31. Gives a red  co lo r w ith  h o t B en ed ic t's  so lu tio n
32. Easy to  burn by l ig h tin g  w ith  a match
33. Leaves a spo t on paper
34. The movement o f  m a te r ia ls  across the  c e l l  membrane ag a in s t a concen­
t r a t io n  in flu en ce  b e s t  d esc rib es  which o f th e  follow ing?
A. a c tiv e  tra n s p o r t  D. d if fu s io n
B. osmosis E. phagocytosis
C. p ass iv e  tra n s p o r t
35. Which o f th e  fo llow ing  i s  an organ ic  molecule?
A. NaOH D. Ĥ O
B. HCl
C. CCl^ E. None o f th e  above
36. Which o f th e  fo llow ing  i s  a s u b s tra te  fo r  a d isacch arid ase?
A. sucrose C. glucose
B. c e llu lo s e  D. fru c to se
37. One w in te r  seven s a i lo r s  were shipwrecked on a b a rren  a r c t ic  is la n d  which 
had w ater b u t n e i th e r  s o i l  nor v e g e ta tio n . A c ra te  o f com  fla k e s  and another 
con ta in ing  seven hens were a lso  c a s t ashore . In  o rd e r  to  g e t the  most energy 
from th e  food they have, th e  s a i lo r s  s h o u ld .. .
A. feed  th e  com  fla k es  to  the  hens, then k i l l  and e a t  the hens
B. k i l l  and e a t  the  hens, then e a t  the corn f la k es
C. feed  th e  com  fla k e s  to  th e  hens, then  e a t  the  eggs from th e  hens
D. e a t  th e  corn f la k e s , then e a t  th e  hens when they d ie  o f s ta rv a tio n
38. In  which o f th e  nu ts  below are  the  C a lo rie s  most concentrated?
Type T o ta l C alo ries  Weight o f  Sample (grams)
A. w alnut 110 4 .0
B. peanut 200 7 .1
C. pecan 55 2 .1
D. almond 80 2 .8
39. I f  a 2/3 cup p o r tio n  o f sp a g h e tti  has 100 C a lo r ie s , how many C alories
are  th e re  in  a  Ih  cup p o rtio n ?
40. E :g la in  why m olecules d iffu se  from an area  o f high concen tra tion  to  an 
a rea  o f low co n cen tra tio n .
Form
BIOLOGY I  TEST 
#3
Answer th e  q u es tio n s  on your answer sh ee t which has been p ro v id ed . Do NOT 
w rite  on th e  t e s t ,  p le a se .
1. What i s  th e  p ro cess  in  which green p la n ts  use COg and H2O to  prqduce 
food and oxygen c a lled ?




C. T ra n sp ira tio n
D. R esp ira tio n
E . In s p ir a t io n
3. What i s  th e  b e s t  term  f o r  th e  movement o f  w ater e n t i r e ly  through a p la n t?
A. R esp ira tio n
B. T ran sp ira tio n
C. E x p ira tio n
D. E vaporation
E. H ydrolysis
•Questions 4 through 8 r e f e r  to  th e  fo llow ing  diagram  o f  a  m agnified  c ro ss -  
s e c tio n  o f a le a f .
^  A i r s p a c e
4. What does the  arrow la b e le d  G re p re se n t?
A. food conducting openings
B. w ater s to rag e  lo c a tio n s
C. a reas  o f  gas exchange
D. p ro te c t iv e  a reas
5. What k ind  o f s tru c tu re s  i s  in d ic a te d  by arrow A?
A. s i t e  o f  Og and COg exchange C. food conducting la y e r
B. p ro te c tiv e  a re a  D. w ater exchange su rface
6 . What i s  th e  b e s t  term  f o r  th e  c e l l s  in d ic a te d  by arrow B?
A. Epiderm is D. Spongy c e l l s
B. Endoderm E. P a lisa d e  c e l l s
C. Phloem c e l l s
7. What s tru c tu re s  a re  most l ik e ly  re p re se n ted  by the sm all do ts  w ith in  
many o f th e  c e l ls ?
A. chromosomes D. n u c le i
B. ch lo ro p h y ll E. m itochondria
C. c h lo ro p la s ts
8 . The c e l l s  in d ic a te d  by arrow C a re  c a l le d  xylem c e l l s .  What substance 
i s  most l ik e ly  found in  th e  ce n te r  o f  th e se  c e l ls ?
A. ch lo ro p h y ll D, Ĥ O
B. CO- E. sugar
C . Og
9. In  p h o to sy n th es is , th e  fu n c tio n  o f  stom ata i s  th a t  o f
A. oxygen in  r e s p ir a t io n  C. a valve on a fau ce t
B. enzymes in  d ig e s tio n  D. a s h e l l  on a s n a il
10. In  p h o to sy n th es is , th e  fu n c tio n  o f ch lo ro p h y ll i s  th a t  of
A. an enzyme in  d ig e s tio n  C. b i l e  in  the  d ig e s tio n  o f  f a t
B. carbon d iox ide in  r e s p ir a t io n  D. glucose sugar in  r e s p ir a t io n
11. In  which co lo r o f l i g h t  would a bean p la n t  grow most e f f ic ie n t ly ?
A. red  l ig h t  C. green l ig h t
B. w hite l ig h t  D. c o lo r  makes no d iffe re n c e
Q uestions 12 through 15 r e f e r  to  th e  fo llow ing  fa c ts  :
BTB i s  a harm less chem ical th a t  i s  b lu e  in  room a i r  b u t tu rn s  to  green when 
e x tra  CÔ  i s  d isso lv ed  in  i t .  I f  the  e x tra  COg i s  then removed, the  BTB 
tu rn s  back to  b lu e .
12. What would most l ik e ly  happen to  a j a r  o f  b lue  BTB i f  a f i s h  spen t 
the  day in  i t ?
A. I t  would s ta y  b lu e . C. I t  would tu rn  green.
B. I t  would tu rn  b lu e-g reen .
13. What would happen to  a  j a r  o f  green BTB i f  a f i s h  sp en t th e  n ig h t in  i t ?
A. I t  would s ta y  green.
B. I t  would tu rn  b lu e -g re e n .
C. I t  would tu rn  b lu e .
14. What would most l ik e ly  happen to  a j a r  o f  b lue BTB i f  a w ater p la n t  
sp en t th e  n ig h t in  i t ?
A. I t  would s tay  b lu e .
B. I t  would tu rn  b lu e -g reen .
C. I t  would tu rn  green.
15. What would most l ik e ly  happen to  a  j a r  o f  b lue BTB i f  a sm all f is h  
and a  la rg e  w ate r p la n t  sp en t the  n ig h t in  i t ?
A. I t  would s tay  b lu e .
B. I t  would tu rn  b lu e -g reen .
C. I t  would tu rn  green.
16. When would th e  stem o f a  p la n t  have i t s  sm a lle s t diam eter?
A. a t  dawn
B. s h o r t ly  a f te r  dawn
D. s h o r tly  a f t e r  sundown
E. m idnight
17. A device used fo r  dem onstrating th e  adhesion fo rces  invo lved  in  
c a p i l la ry  a c tio n  i s  p a r t i a l l y  f i l l e d  w ith  w ate r. Which drawing below 
b e s t  p re d ic ts  i t s  appearance?
A.
B.
18. By which p ro cess  would rsdn w ater e n te r  the  ro o t h a ir s  o f  a growing 
p la n t?
A. Osmosis
B. C a p illa ry  a c tio n
C. A ctive tra n s p o r t
D. In s p ira t io n
E. D igestion
Q uestions 19 and 20 on the  nex t page r e f e r  to  th is  c lo se -u p  sk e tch  of 
th e  c e l l s  o f a l e a f ;
(Hole)
GiUARP C E L L J
SuFfoKT C e l l s
19. By which a c tio n  i s  th e  ho le  between th e  guard c e l l s  opened?
A. a decrease  in  th e  w ater C. an in c re a se  in  th e  w ater
p re ssu re  in  th e  guard c e l l s  p re ssu re  in  support c e l ls
B. an in c re a se  in  the  w ater D. a decrease in  th e  w ater
p re ssu re  in  th e  guard c e l ls  p re ssu re  in  support c e l ls
20. What w i l l  r e s u l t  from th e  guard c e l l s '  p roduction  o f  sugar?
A. The h o le  w i l l  open. C. The h o le  w i l l  e n t i r e ly  c lo se .
B. The h o le  w i l l  p a r t ly  c lo se . D. The ho le  w i l l  s tay  the  same.
21. Grasshoppers have a s e r ie s  o f sm all ho les  down th e  s id e s  o f th e i r  bod ies. 
Which of th ese  p la n t  p a r ts  has th e  most s im ila r  function?
A. vacuoles D. stom ata
B. c h lo ro p la s ts  E. leaves
C. veins
22. In se c ts  and leav es  bo th  have a waxy o u te r  co a tin g  to  p rev en t excess 
w ater lo s s .  Which term  would b e s t  apply to  t h i s  coating?
A. epiderm is D. axon
B. endodermis E. a lv e o l i
C. c u tin
23. Which o f th e  fo llow ing  has a major fu n c tio n  in  th e  human re sp ira to ry  
system?
A. diaphragm D. vacuoles
B. phloem E. n itro g e n
C. x iphoid
24. There a re  about 1/2 m illio n  m icroscopic sacks in  each lung o f a human.
I f  each a i r  sack has 1/10 sq . in .  o f  su rface  a re a , how many sq . f e e t  o f
su rface  area  a re  th e re  in  bo th  lungs?
7 sq . f t .  D. 7,000 sq . f t .
70 sq. f t .  E. 70,000 sq . f t .
A.
B.
C. 700 sq . f t .
Q uestions 25 through 31 on th e  nex t page r e f e r  to  th e  fo llow ing  experim ent:
A s tu d en t wants to  determ ine whether d i f f e r e n t  amounts o f  ex e rc ise  w il l  
cause him to  produce d i f f e r e n t  amounts o f COg in  h is  b re a th . He o b ta in s  a 
p ink  chemical which g e ts  l i g h t e r  in  shade as COg i s  d isso lv ed  in  i t .  He then 
s e ts  fo u r p a r t ly  f i l l e d  beakers s id e  by s id e  and, a f t e r  running th re e  d if f e r e n t  
d is ta n c e s , uses' a d rin k in g  s traw  to  exhale fo r  15 seconds in to  beakers #2,
#3, and #4.
The follow ing l i s t  o f  experim ental v a r ia b le s  i s  the answer key fo r  q u estio n s 
25 through 30. You may use a s e le c tio n  more than  once.
A. independent v a r ia b le
B. dependent v a r ia b le
C. c o n tro lle d  v a r ia b le
D. u n co n tro lled  v a r ia b le
E. no t a v a r ia b le
25. What v a r ia b le  i s  rep resen ted  by th e  use o f a s in g le  straw  fo r  each exhale?
26. What v a r ia b le  i s  rep resen ted  by th e  in v e s t ig a to r  s e le c tin g  d i f f e r e n t  
d is tan ce s  to  run?
27. What v a r ia b le  i s  rep resen ted  by the  exhale being  timed a t  15 seconds 
each try ?
28. What v a r ia b le  i s  rep resen ted  by th e  f in a l  co lo r  shade o f  th e  pink l iq u id  
in  beakers #2, #3, and #4?
29. What v a r ia b le  i s  rep resen ted  by the  in v e s t ig a to r  exhaling w ith  d i f f e r e n t  
amounts o f  fo rce  each try ?
30. What v a r ia b le  i s  rep resen ted  by p u tt in g  some t e s t  chemical in to  each beaker?
31. In th e  p rev ious esqjeriment, what purpose does beaker #1 b e s t serve?
A. an experim ental co n tro l fo r  comparing co lo r changes in  #2, #3, and #4
B. a mixing co n ta in e r fo r  eq u a liz in g  th e  co lo rs  in  #2, #3, and #4.
C. a re se rv e  se t-u p  in  case #2, #3, o r  #4 need to  be rep ea ted
D. an independent v a ria b le  fo r  t e s t in g  o th e r , r e la te d  hypotheses
32. What i s  c h a r a c te r is t ic  o f  the c irc u la to ry  system o f in sec ts?
A. The blood i s  f i l l e d  w ith  d isso lv ed  hemoglobin.
B. The blood v e sse ls  c i r c u la te  oxygen b u t no t COg.
C. The s iz e  o f th e  v esse ls  i s  c o n tro lle d  by s p ir a c le s .
D. The blood v e sse ls  do no t make a conp le te  c i r c le .
33. Which o f the  choices below i s  always tru e  o f  a r te r ie s ?
A. They ca rry  oxygenated b lood. D. They lead  towards th e  h e a r t .
B. They c a rry  deoxygenated blood. E. Both A and D a re  t ru e .
C. They le a d  away froit) the h e a r t .  P. Both B and C a re  t ru e .
34. In which type o f  blood v e sse l does the blood n o t p u lsa te?
A, a r te r ie s ' D. both  B and C
B, ve in s  E, bo th  A and C
C, c a p i l la r ie s ' F. I t  p u lsa te s  in  a l l  o f
the  v e s s e ls .
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The C ognitive A nalysis P ro je c t  In c id en ts
The Geranium Problem
You have an u n lim ited  supply o f  geranium p la n ts .  They a re  e x a c tly  
a l ik e .  A ll a re  in  th e  same k ind  o f p o ts  and have been p la n te d  in  th e  same 
k ind  o f  s o i l .  You a re  to ld  th a t  such fa c to rs  as f e r t i l i z e r ,  th e  amount o f 
w a te r, and th e  amount o f su n lig h t a f f e c t  th e  way th e  p la n ts  w i l l  grow. 
D escribe the experim ents you need to  do in  o rd er to  t e s t  w hether o r  n o t 
each o f those  f a c to rs  i s  im portan t to  th e  growth o f  geranium p la n ts .  Be 
su re  to  in c lu d e  reasons why you do th e  experim ent th e  way you do.
The Frog Problem
An e c o lo g is t  conducted an experim ent to  f in d  ou t how many frogs liv e d  
in  a pond. He could n o t ca tch  a l l  o f  th e  frogs and count them. The f i r s t  
day he caught 55 fro g s and p u t a band on one o f th e  leg s  o f  each fro g . He 
w aited  a week to  g ive th e  banded fro g s  a  chance to  d is t r ib u te  them selves 
evenly throughout th e  pond. He then  caught 72 f ro g s , and 12 o f them had 
bands on one leg .
Using a l l  o f  t h i s  in fo rm atio n , what could the e c o lo g is t  conclude about 
the  number o f  frogs in  th e  pond? Show any c a lc u la tio n s  you make, and then 
w r ite  a paragraph to  esqplain how you a r r iv e d  a t  your answer.
The Shadow Problem
The len g th s  o f th e  shadow o f  a b u ild in g  and th e  shadow o f  a p o s t  are 
measured a t  th e  same time o f  day.
The b u ild in g  shadow's le n g th  i s  50 m ete rs.
The h e ig h t o f the  p o s t i s  3 m e te rs .
The p o s t shadow's len g th  i s  2 m e te rs .
How many m eters t a l l  i s  th e  b u ild in g ?  Show your c a lc u la t io n s .  W rite 
a paragraph  to  ex p la in  why you computed th e  h e ig h t o f  th e  b u ild in g  th e  way 




1. No response .
Example: Blank p aper.
Excunple: " I  don’t  know," o r  "I c a n 't  do i t . "
2. There i s  r e i t e r a t i o n  o f  th e  problem , w ith  i r r e le v a n t  p rocedures aind 
conclusions which a re  concerned w ith  "good growth c o n d itio n s ."  The 
s tu d e n t in  t h i s  category  may be more concerned w ith  growing good 
geraniums than  w ith  p ro v id in g  eogerim ents to  determ ine fa c to rs  impor­
t a n t  to  p la n t  growth as th e  problem ask s . S o p h is tic a te d  answers may 
be found in  th i s  response ca tegory , and th e  su b je c t may b rin g  in  
o u ts id e  in fo rm atio n  which in  and o f  i t s e l f  i s  c o r re c t  bu t which 
s t i l l  does n o t d i r e c t ly  d ea l w ith problem v a r ia b le s .
Example: " F i r s t  I 'd  w ater them j u s t  enough to  keep m oistu re  in
th e  ro o ts  so th e  p la n ts  g e t nourishm ent."
Example: " I  would tak e  a l l  the  d i f f e r e n t  p la n ts  and p u t them in
d if f e r e n t  environm ents. The reason  i s  to  see which environment 
i s  b e s t  fo r  growing geranium p la n ts ."
3. The response i s  a  d e s c r ip tio n  o f co n d itio n s  and the  a c t i v i t i e s  p e r­
formed on th e  system  using  problem v a r ia b le s .  An o ff-o n  v a r ia b le  
supply i s  suggested  ( " I ' l l  w ater some and I ' l l  leave some w ithou t; 
I ' l l  f e r t i l i z e  some and n o t o th e rs" )  o r  th e  su b je c t may supply two 
q u a n tity  extrem es, such as "a lo t"  versus "a l i t t l e . "  I f  th re e  
s i tu a t io n s  a re  su p p lied  (fo r example, "none," "a l i t t l e , "  and "a lo t" )  
t h i s  i s  considered  to  be th e  f i r s t  genuine a t te n p t  a t  co n tro l and
th e  in d iv id u a l i s  judged to  belong in  category  #4. Some o f  th e  
responses in  t h i s  category  are  e la b o ra te , in  th a t  they provide 
m u ltip le  s e ts  o f  co n d itio n s , b u t i f  they go no fu r th e r  than "a l o t  
o f  w ater in  one p o t and a l i t t l e  in  an o th e r,"  they  cannot move 
. h ig h er than  th i s  ca tego ry . (One excep tion  has been made fo r  the 
s tu d en t who can produce a complete com binato ria l scheme y e t does 
n o t q u a n tify .)
Example; "Put w ater in  one group; w ater and f e r t i l i z e r  in  th e  
second group; w a te r, f e r t i l i z e r  and s u n lig h t in  th e  nex t one; 
and no th ing  in  th e  l a s t  one,"
Example: "Put a geranium p la n t  in  s o i l  t h a t  i s  f e r t i l i z e d ,  one
th a t  has no th ing  b u t w ater and one w ith  j u s t  s u n lig h t ."
,'.Exnnç)le: "Give each group a, c e r ta in  amount o f  s u n lig h t,  w ater
and f e r t i l i z e r . "
Example;. "Beve p la n ts  w ith  d if f e r e n t  com binations o f the  3 elem ents 
and some w ith o u t, (I'm : to o  la zy  to  w rite  i t  a l l  o u t.)  "
Example: "Put more f e r t i l i z e r  in  one than  th e  o th e r ."
4 , An obvious attem pt i s  made to  c o n tro l th,e q u a n tity  o f  the  v a r ia b le s .
The su b je c t shows th a t  problem v a r ia b le s  need to  be arranged to  con­
s t r u c t  an experim ental procédure t h a t  w il l  r e s u l t  in  th e  i s o la t io n  of 
each v a r ia b le  from th e  r e s t  o f  th e  v a r ia b le s , b u t f a i l s  to  c o n tro l,  
o r  the  su b je c t may p ro v id e  a l l  v a l id  com binations w ithou t q u a n t i t ie s .  
Dem onstration o f  th e  complete combinatory system  in  term s o f s tru c tu re  
was determ ined s u f f i c i e n t  to  r a te  th ese  in d iv id u a ls  w ithout q u an tity  
co n tro l h ig h er than ca teg o ry  #3. A s tu d en t may mention th a t  he would 
"use a l l  com binations," b u t t h i s  i s  no t s u f f ic ie n t  m e rit fo r  him to  
be p laced  in  t h i s  ca tego ry  w ithou t q u a n tif ic a tio n . Since f e r t i l i z e r ,  
w ater, and su n lig h t a re  th e  immediate v a r ia b le s ,  a complete system 
should in c lu d e ;
(1 ) one p la n t  w ith  f e r t i l i z e r  and w ater
(2) one p la n t  w ith  f e r t i l i z e r  and sun
(3) one p la n t  w ith  w ater and sun
(4} one p la n t  w ith  f e r t i l i z e r ,  w a te r, smd sun
In r e la t io n  to  q u a n t i f ic a t io n ,  th e  s tu d en t may f u l f i l l  t h i s  c r i te r io n  
w ith  an answer such a s , "Put one in  a b r ig h t  sp o t, ano ther in  a r e a l  
dark sp o t, b u t even o th e rs  in  dimmer p la c e s .”
5, There i s  v a l id  c o n tro l o f  a t  l e a s t  one v a r ia b le ,  w ith  in c lu s io n  o f what 
th e  su b je c t d id  to  in su re  c o n tro l.  The s tu d e n t may l i s t  a l l  combina­
t io n s ,  b u t th i s  does no t n e c e s sa r i ly  mean he has c o n tro lle d  th e  v a r ia b le s . 
S tudents in  t h i s  ca tegory  o f te n  a ttem pt more them one s e t  o f  experim ents 
bu t f a i l  to  c o n tro l in  a l l  c a se s , e i th e r  by om ission o f a needed t e s t  o r  
by f a i lu r e  to  d esc rib e  how co n tro l was m ain ta ined . However, a t  l e a s t
one v a r ia b le  i s  in  f a c t  c o n tro lle d .
Example: " F e r t i l i z e  ano ther group o f p la n ts  and d o n 't  f e r t i l i z e
th e  o th e r . P u t both  groups in  d i r e c t  sun and w ater both  the 
same."
Example: "You could  p u t d i f f e r e n t  types o f  f e r t i l i z e r  in  th e  p o ts ,
and then  grow under th e  same c o n d itio n s ."
6 , There i s  c o n tro l o f  a l l  v a r ia b le s .  Again, as in  category  #5, th e  su b je c t 
ex p la in s  how th e  c o n tro ls  a re  achieved. A s tu d en t may be c la s s i f ie d  in  
category  #6 in s te a d  o f  #7 because he f a i l s  to  t e l l  which v a r ia b le  he i s  
te s t in g  w ith  which t e s t .  A sta tem en t such a s , " I d id  th ese  th in g s  to  
t e s t  th e  v a r ia b le s ,"  does no t sp ec ify  which v a r ia b le  i s  being  te s te d  by 
which experim ent.
Example: "Do th i s  on a d i f f e r e n t  p la n t to  each v a r ia b le —next
in c re a s in g  f e r t i l i z e r ,  then  w a te r ."
Example; "Take 6 p lem ts;
1 , F e r t i l i z e  and w ater two p la n ts  the  same, b u t vary th e  su n lig h t.
2, F e r t i l i z e r  and s u n lig h t th e  same on two, b u t vary the  su n lig h t.
3, Water and g ive  th e  same amount o f su n lig h t to  th e  l a s t  two, b u t
p u t d i f f e r e n t  k in d s  o f  f e r t i l i z e r  on them ."
7. There i s  co n tro l o f  a l l  yaariable^, complete w ith  an exp lanation  as to  
why th e  co n tro l o f  each v a ria b le  was necessary .
Example; " I d id  th i s  to  see i f  d if f e r in g  amounts of w ater made 
any d iffe re n c e  in  th e  growth o f geranium s."
Example : "The l a s t  experim ent should inc lude  p la n ts  w ith th e  same
amount o f  w ater and su n lig h t b u t w ith d i f f e r e n t  amounts o f 
f e r t i l i z e r  to  show th e  e f f e c t  o f  f e r t i l i z e r  on p la n t  grow th."
PROPORTIONAL REASONING INCIDENTS
"The Shadows Problem" and "The Frog Problem" 
Grading Scale
1 . No response. No m athem atical a ttem pt.
Example: " I  d o n 't  know," "I c a n 't  th in k  o f  an y th in g ,"  o r  "I c a n 't  do i t . "
2. There i s  m athem atical m anipulation w ithout a c la s s  in c lu s io n  concept, o r  
confused exp lan a tio n s  w ith o r w ithout th e  use o r  m anipulation o f  i r r e le v a n t  
numbers o r  fa c to rs  which were inven ted  by th e  s tu d e n t.
Example (Shadows): "The p o s t i s  3 m eters t a l l  and the  shadow i s  2
m eters t a l l .  The b u ild in g  would be 60 m eters t a l l . "
Exanple (F ro g s): " I t  m attered  how w ell he d ra in ed  th e  pond. I f  he
d id  a good job th e re  a re  not many frogs over 72. I f  he d id n ’t
th e re  a re  more than 72."
3. The s tu d en t r e a l iz e s  th a t  c e r ta in  q u a n ti t ie s  g iven in  the problem are
subse ts  o f  o th e r  q u a n ti t ie s  w ith in  th e  problem and has a grasp o f  the 
re la tio n s h ip s  between those q u a n t i t ie s .  (R ea liza tio n  o f only one 
re la t io n s h ip  where two e x is t  does no t c o n s ti tu te  in c lu s io n .)  A ddition 
and/or su b tra c tio n  are  c a r r ie d  ou t w ith  th a t  c la s s  in c lu s io n  in  mind.
I f  c la s s  in c lu s io n  i s  employed in  a m athem atical s o lu tio n , re le v a n t 
and i r r e le v a n t  a s id e s  w il l  be ignored.
Exanple (Shadows): " I t  would be 51 m eters t a l l .  The shadow i s  only
one m eter s h o r te r  than  th e  p o s t.  The b u i ld in g 's  shadow i s  50
m eters long. Add one m eter and i t  would make i t  51 m eters t a l l . "
Example (F ro g s); "115 fro g s . There must be more than  a hundred frogs
in  th e  pond."
4. The s tu d en t in d ic a te s  r a t io  reco g n itio n  b u t does n o t show the r e la t io n ­
ship  o f  th e  r a t io  to  the r e s t  o f  the problem. The s tu d en t s e ts  up a 
r a t io  (or in d ic a te s  one), and then s to p s .
Example:.(Shadows) ; "The r a t io  o f 3 ;2 o f th e  p o s t ."
Example (F rogs): " 6 One out o f  every 6 th a t  he found had bands."
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5. The s tu d en t goes beyond sim ple r g t io  re c o g n itio n , A so lu tio n  may n o t 
n e c e s sa r ily  be o b ta in ed , bu t i t  i s  e s s e n t ia l  fo r  th e  s tu d en t to  go 
beyond sim ply recognizing  th a t  the problem involves a r a t io .  The 
s tu d en t may apply th e  r a t io  in  a ttem pting  to  f in d  a so lu tio n  by any 
method s h o r t  o f  a tru e  p ro p o rtio n , o r  th e  s tu d en t may e s ta b lis h  a 
p ro p o rtio n a l re la t io n s h ip  invo lv ing  a l l  the  elem ents o f  the  problem 
which f a i l s  because th e  p ro p o rtio n a l r e la t io n s h ip  i s  im properly 
e s ta b lis h e d  o r  i r r a t i o n a l ly  so lved .
Example (Shadows): " I  f ig u re d  th a t  th e  p o s t shadow was 2/3 the
h e ig h t. So I  took 2/3 o f  f i f t y .  2 /3/50 16 2/3 X 2 = 33 1/3"
Example (F ro g s): " 0.165
72)12.000 55
Xl6^ Approximately 907 frogs




6 . There i s  p ro p er use o f  the  c o rre c t p ro p o rtio n , dem onstrating e i th e r  
c o r re c t s o lu tio n  o f the  problem, o r use o f sound lo g ic  w ith  an 
in c o r re c t  s o lu tio n .
Example (Shadows); " I f  th e  p o s t i s  longer than  i t s  
shadow then th e  b u ild in g  i s  going to  be longer
than  i t s  shadow. You had to  p u t 3 over 2 to  get  p o s t 3 + 50 = 75
a la r g e r  number than 50. 3 ha lves o f 50 i s  75 shadows 2
so th e  b u ild in g  i s  75 m eters."
Example (F rogs); "He could conclude t h a t  th e re  are
roughly 330 fro g s  in  the pond. I f  1/6 o f th e  ^  _ 55 
second group were a lread y  banded then  6 tim es 72 x 
the  o r ig in a l  amount were in  the  pond." 12X = 72(55)
X = 330
7. There i s  p roper use o f  a p ro p o rtio n  w ith  a d iscu ss io n  of im p lica tio n s  
o f the  problem o r  o th e r  re lev en a t v a r ia b le s . For example, sta tem ents 
such as "evenly d is tr ib u te d "  o r  "same tim e o f day" must be ab s tra c te d  
in  o rd e r to  apply to  th i s  ca tegory . Casual mention o f problem v a r ia b le s  
w ithout d iscu ss io n  o r g e n e ra liz a tio n  does n o t c o n s ti tu te  an a b s tra c tio n .
Example (Shadows): "The b u ild in g  i s  75 m eters t a l l .  I f  the shadows 
are  measured a t  th e  same time o f  day then  th e  sun cannot mess 
i t  up ."
Example (Frogs): "Within th e  week the  banded fro g s  were
evenly spread o u t. By catch ing  in  any a rea  o f the  
pond (of th e  eq u iv a len t s ize ) o f  th e  f i r s t  day’s 1s t  d ay 's
v en tu re , he found th a t  he had caught 1 /6  o f  the  ^  ^  ' ca tch  &
p o p u la tio n , the  f i r s t  day. There a re  about 330 ^------^ _ J  banding
frogs in  th e  pond."
2nd catch
